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End alternate chills and hot blasts. Shown in front of the thermistor wall unit and the fur- 


nace modulator valve are the tube type and transistorized amplifiers for the new Selectra 
home gas furnace control now in production at Maxitrol Company, Detroit, Michigan. 


Maxitrol Company’s new Selectra electronic 
gas furnace control does away with fluctua- 
tions in room temperature. It continually ad- 
justs the burner flame to exactly compensate 
for the heat loss in the home and it responds 
to temperature changes as low as 1/10 degree 
F. Selectra controls are available with either 
tube type or transistorized amplifiers which 
boost the signal from a thermistor in the wall 
unit to selectively energize a solenoid in the 
furnace modulator valve. 

Depending on their design some gas burners 
must be ignited at maximum fiame. On such 
burners the tube type amplifier using a Tung- 
Sol 2D21 thyratron is recommended. The tube 
warm-up period provides a 10-15 second de- 
lay during which time the solenoid cannot be 
energized, insuring ignition at maximum flame. 


Tung-Sol tubes and transistors help 
MAXITRO| provide non-cycling home heating 


[ransistorized Selectra amplifiers are rec- 
ommended for burners which can be success- 
fully ignited at less than maximum flame. 
Since there is no warm-up delay with the 
transistorized circuit, ignition may occur as 
low as 1/3 of full fire. For this unit, Tung-Sol 
supplies TS75 i high power transistor selec- 
tively inspected to provide extremely tight 
characteristics. The high reliability of these 
Tung-Sol transistors, say Selectra’s designers, 
was largely responsible for this type of control 
being in production. 


Do you have an unusually demanding tube 
or transistor requirement? Tung-Sol applica- 
tions engineers stand ready to help you. You'll 
get utmost benefit from their experience by 
consulting them while your equipment is in 
the planning stage. Just call or write: Tung-Sol 
Electric Inc., Newark 4, N. J. TWx:NK193 
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Frequency Time Standard 
instruments, selected by 
Smithsonian Institution to 
clock satellites, are 
equipped with New 
Departure _ultra- precise 
ball bearings. 


Photos: Courtesy Ernst Norman Laboratories 
and Bodine Electric Co. 


"““@ Ultra Precise Ba/l Bearings 
Help 'Clock’A Satellite / 


CUSTOMER PROBLEM: 

Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro- 
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second. 


SOLUTION: 

N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar- 
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . . thanks to New Depar- 
ture’s advanced equipment for research, devel- 
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opment and production. N/D equipped micro- 
clocks, selected by the Smithsonian Institu- 
tion, are operating in a dozen locations around 
the world, keeping track of vital satellite move- 
ments ... to one milli-second and better! 


If you’re manufacturing or designing electric 
motors for any high precision applications, in- 
cluding instruments, why not call on New Depar- 
ture? N/D engineering and research facilities 
are turning out the latest in high precision 
instrument ball bearings and advanced ball 
bearing designs. For more information write 
Department LS, New Departure Division, 
General Motors Corporation, Bristol, Conn. 
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BALL BEARINGS 
proved reliability you can build around 
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Yes, it's that extra bit of accuracy and uniformity in INMANCO 
- ¢ insulation products which totals up to impressive savings in 
xX roe assembly time. By means of a multitude of production tech- 
niques, special preprocessing of the best materials, and over 
if 2 30 years of engineering insulation problems, INMANCO is able 
Ac tl vv racy d to supply insulation products with above average character- 
oe istics. In precision slitting, for example, INMANCO regularly 
“ ti F handles jobs that other fabricators can't or won't do. On your 
oo " F next bill of materials, specify INMANCO insulation products and 
get the plus value of ‘‘extra accuracy and uniformity." Call in 
re) a¥ ia f your INMANCO representative or write for a catalog today. 
ra a ormi y ea See us at Booth No. 117, National Conference 
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for the most efficient @@ 
production of 
oxygen-free gas 


look to Amersil for all 
high purity fused quartz 
requirements. 


NITRONEAL* GAS GENERATOR 


us ae 
... provides by far the most economical and effi- s ee : = ~~ ey 


cient method for the production of pure nitrogen ‘ie i } 
—completely free of oxygen—and with hydro- oie Sicncimiiiaial be 


gen content precisely controlled at any desired 


percentage between 0.5% and 25%. Nitrogen Amersil manufactures and fabricates high purity 
is supplied at a fraction of cylinder supply cost. pees fused quartz for ultraviolet transmission applica- 

The Nitroneal Generator is automatic except “cae y tions, laboratory ware and production equip- 
for startup, with no need for operating person- = ment, These products include standard apparatus, 
nel. The unit performs instantly, efficiently any- plain tubing in many intricate fabrications, cru- 
where in the range of from 25% to 100% of ‘oa cibles, trays, cylindrical containers and piping 
rated capacity. Installation requires only a 110 me in a full range of sizes up to 25” in diameter. 
volt line, water, air, ammonia lines and drain ; Ingots and plates are available in general com- 
facilities. Units can be supplied in capacities of mercial quality as well as in special optical 
100 cfh to 10,000 cfh. . . . The catalyst lasts in- Sen grades. Amersil engineers are also prepared to 
definitely—maintenance costs are practically nil. ~! assist in developing fused quartz and silica equip- 
Write for complete catalog material and data. ;, ment for special requirements. Send for bulletin. 


CHEMICAL DIVISION * 113 ASTOR STREET f AMERSIL QUARTZ DIVISION * 685 RAMSEY AVENUE 
NEWARK, N. J. Pee HILLSIDE, N. J. 
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a simplified mirror-bright 
silver plating process 


Here is the most efficient, simple procedure to 
protect electrical electronic and lamp compo- 
nents with a mirror-bright silver finish—through a 
complete range from flash to heavy deposit. The 
procedure is easy, economical and non-critical— 
with little or no polishing required. Silva-Brite is 
a clear, water-white solution, enabling the oper- 
ator to observe work as it is being plated. Uni- 
formly good results are attained with current 
densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature opera- 
tion minimizes fumes and tendency toward bath 
decomposition. Send for descriptive data together 
with detailed plating procedures. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 
Circle 108 on page 17 
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ECONOTAPE crossbar 
contacts are most efficient 
for electrical relays 


You can now get ideally efficient crossbar con- 
tacts for your electrical relays—with as many con- 
tacts as you need, where you need them—with 
positive assurance of full, contact surface. This 
has been made possible through the development 
of Makepeace’s new ECONOTAPE, a precision- 
drawn shaped or rectangular contact wire in 
either solid precious metal or in laminated metal 
—in your choice of gold, platinum, palladium, sil- 
ver and their various alloys. 

Econotape crossbar contacts are supplied com- 
plete, attached to Makepeace blades . . . at- 
tached to blades supplied by you...or Econotape 
for your own attaching. 

Econotape is cut off and welded to the blade 
in one operation. It is no longer necessary to 
handle and attach individual button type con- 
tacts. Positioning of Econotape on the blade is 
done automatically as the tape is cut off and 
welded. Permanent attachment is assured by a 
homogenous metallurgical bond that is undis- 
turbed by expansion and contraction caused by 
temperature changes. 

If you are designing a new relay or trying to 
cut the cost of your present mechanism, send for 
Econotape Crossbar Contact literature. 


D. E. MAKEPEACE DIVISION * PINE & DUNHAM STREET 


ATTLEBORO, MASS. 
Circle 109 on page 17 
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In This issue 


Components, Electrical /Electronic Your Classification: 


Magnetic Components 
Control 
Systems and Servos 


* Magnetic Amplifier 
Computing Control Circuits 


Building-block approach to analog control circuitry using 
standardized plug-in precision magnetic amplifiers: amplifier 
design of one manufacturer (Acromag, Inc.), basic circuits, 
typical applications, procedures for designing equation-solving 
circuitry to implement Laplace transforms. 


Staff Report. 
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Components, Mechanical Structural Your Classification: 


Bearings 
Materials, Mechanical /Structural 
Protective Coatings 


Military Specifications for 
Ball-Bearing Lubricants 


Selected lubricating oils and greases for high- and low-tem- 
perature operation of ball bearings in electronic equipment 
are described from military specifications. Properties, charac- 
teristics, operating conditions and sources of supply are listed. 
Supported by charts and graphs detailing special conditions 
and materials. 


H. Villaume, New Hampshire Ball Bearings, Inc., Peterbor 


ough, N. H. 
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Control Your Classification: 
Case Histories 
Systems and Servos 

Drives 
Mechanical 


The Case for Pump Servos 
In Machine Drive and Control Systems 


The general applicability of variable-displacement pumps for 
applications over 10 hp is established by the design consid- 
erations that led Minneapolis-Honeywell engineers to select 
pump servos for the two 2-axis tracer controls (22.5 hp per 
axis) and 200-hp spindle drive of a large Hufford spin-forge 
machine. 


William Arrott, Associate Editor, ELEcTRICAL MANUFACTURING. 
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Production and Assembly Techniques Your Classification: 
Soldering and Solderless Techniques 


Materials and Techniques for High- 
Temperature Electrical Connections 


\ review of available soldering materials and techniques suit- 
able for high-temperature connections. Also discussed are 
methods for making mechanical connections, brazing and 
welding. 


D. W. Herold, Convair Div. of General Dynamics, Pomona, 
Calif. 
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Basic Science and Engineering Your Classification: 


Mathematics 


* Determinants and Matrices 


The methods of determinants and of matrix algebra are used 
to minimize the possibilities of error and for time saving in 
engineering problems involving systems of simultaneous equa- 
tions or other arrays of mathematical statements. The tech- 
niques of using determinants and of thinking in matrix terms 
are outlined, with examples based on the electrical circuit. 


Allan D. Kraus and Gerald F. Ross, Sperry Gyroscope Co., 
Great Neck, N. Y 
1959 December p 133 20 pp 
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Components, Electrical/Electronic Your Classification: 


Protective Devices 
Motors 
Fractional-Horsepower 


Service Conditions in 
Motor-Protector Selection 


With the increase in automatic control, motors are exposed 
to more complex service cycles and arduous ambients. This 
fact, and the present practice of applying thermal protectors 
up to the maximum allowable limit of temperature rise, makes 
it necessary that the protectors be selected for particular serv- 
ice. Service conditions and methods of significant testing for 
protector selection are related. 


A. P. White, Metals & Controls Div., Texas Instruments, Inc.. 
Attleboro, Mass. 
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e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 210 and 218 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Materials, Mechanical /Structural Your Classification: 


Metals 


% Aluminum—its Electromechanical 
Function in Design 


A report on electromechanical properties of aluminum and its 
alloys in design of electrical components and equipment. The 
interrelation of properties, design and applications is developed 
from material supplied by the Aluminum Company of Amer- 
ica. The effects of corrosion, joining problems, fabrication, 
selection of alloys, thermal properties—and others—on design 
are integrated with current applications and research and 
development projects. 


Staff Report. 
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Components, Electrical/Electronic Your Classification: 


Magnetic Components 


Magnetic-Amplifier Conference 
Stresses Applications 


A brief report on the 1959 Special Technical Conference on 
Non-Linear Magnetics and Magnetic Amplifiers sponsored 
jointly by the AIEE Committee on Magnetic Amplifiers and 
the IRE Professional Group on Industrial Electronics, held 
in Washington, D. C., September 23 to 25. 


Staff Report. 
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Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 


Rectifier Voltage Transients— 
Causes, Detection, Reduction 


The many advantages of semiconductor rectifiers are well- 
known. Their extreme sensitivity to voltage transients, how- 
ever, can be the source of considerable difficulty if proper 
steps are not taken in the designing of the circuit to reduce 
the transients. The conditions which generate transients are 
enumerated, means of detecting them are described, and cor- 
rective measures prescribed. 


F. W. Gutzwiller, General Electric Company, Clyde, N. Y. 
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Materials, Electrical/Electronic Your Classification: 


Electrical Insulation and Dielectrics 
Testing 
Materials 


High-Potential Tests for Aircraft and 
Missile Electrical Insulation 


MIL specifications now require 1500-volt, 60-cycle, 1-min high- 
potential tests of 28-volt aircraft and missile electrical equip- 
ment. These tests are also recommended by AIEE Test Code 
No. 803. The pros and cons of these tests are reviewed, test 
procedures described, and test data on repeated tests (previ- 
ously unreported) are summarized for commercially available 
mica, Mylar polyester film, fish paper and TFE-fluorocarbon 
tape. 


L. B. Kilman and J. P. Dallas, Hughes Tool Co., Aircraft Div., 
Culver City, Calif. 
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Materials, Electrical / Electronic Your Classification: 


Magnetic Materials 


Effects of Temperature on A-C 
Magnetic Properties of Nickel- 
Iron Alloys 


A report on the second half of a two-part study to provide 
design data for developmental magnetic devices and tempera- 
ture compensation parameters for existing applications. Results 
are reported in form of curves for 60, 400, and 1000 cps 
describing variation of core loss and rms exciting volt-amperes 
per unit of weight as temperature varies. Six alloys are 
reported for the temperature range —60 to +250 C. 


J. J. Clark and J. F. Fritz, Westinghouse Electric Corp., East 
Pittsburgh, Pa. 
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Control Your Classification: 
Theory 


% Control-System Representations 


A 2-page chart presenting quick-reference information use- 
ful in servo design. Seven basic control systems are shown in 
schematic form. Below them are their respective analog equiva- 
lent circuits, transfer functions, Bode and Nyquist plots, and 
frequency responses. A supplement to the recently published 
series on Automatic Control System Design. 


Ira Ritow, Airborne Instruments Laboratory, Melville, N. Y. 
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BEST WAY TO PROTECT MINIATURIZED ASSEMBLIES 


When you seal delicate electronic components and assemblies with epoxy resin, you protect them for years against moisture, 
shock, wear, chemical action and rapid temperature changes. 


When you choose RC! EPOTUF epoxy resins for casting, potting or encapsulating, you can count on outstanding electrical, 
thermal and mechanical properties. These resins cure at room temperature, adhere to anything! A growing number of 
compounders serving the electrical and electronic fields testify today to the superior quality of EPOTUF resins. If you would like 
full technical information on EPOTUF resins, write today to REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N. Y. 


Creative Chemist. 5 FR 
mn cme 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol « Hydrochloric Acid « Formaldehyde « Glycerine « Phthalic Anhydride « Maleic Anhydride 
Sebacic Acid « Orthe-Phenylphenol « Sodium Sulfite « Pentaerythritol « Pentachlorophenol « Sodium Pentachlorophenate « Sulfuric Acid « Methanol 
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Research 
Horizons 


Edited by Avex. E. Javirz, Special Features Editor 


Low-Density Epoxy Compounds 
for Airborne Electronic Circuits 


The apparently successful use of hol- 
low “microsphere” low-density fillers 
in epoxy-resin embedment systems for 
airborne electronic circuits was re- 
ported by F. T. Parr, Westinghouse 
Electric Corporation, Air Arm Divi- 
sion, Baltimore, Maryland, at the re- 
cent American Chemical Society an- 
nual meeting held in Atlantic City, 
September 14-18. The four fillers in- 
vestigated fell generally in the class of 
hollow spheres, both of the ceramic 
and resin type, as follows: 


a. unicellular hollow clay spheres, 
primarily aluminum silicate (bulk 
density 0.9 gm/ml) 

b. urea-formaldehyde 
to 0.5 gm/ml) 

c. hollow phenolic spheres (0.3 to 
0.4 gm/ml) 


spheres (0.2 


d. hollow glass microspheres (0.26 - 


gm/ml). 


Thermal conductivity posed the ma- 
jor problem in the proposed use of 
low-density fillers since embedded cir- 
cuits (other than transistorized) re- 
quire good heat-dissipation character- 


“Semiconductor” Electron Tube. Ex- 
perimental electron tube, under de- 
velopment at the Westinghouse Re- 
search Laboratories, obtains a constant 
flow of electrons from the surface of 
a miniature crystal of silicon carbide. 
Further application of this principle 
to selected semiconductor materials 
may lead to a new type of unit in 
which the advantages of semiconduc- 
tor devices and conventional tubes 
would be combined. Particularly im- 
portant in the new type of tube (if 
successfully developed) would be the 
fact that only a negligible amount of 
power would be required. The present 
serious limitation on conventional 
tube operation caused by relatively 
large power requirements and _ heat- 
dissipation problems would be elim- 
inated in many applications. Since 
electron flow originates from a pin- 
point source, the new tube also may 
offer advantages in miniaturized con- 
struction. 
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istics. The work reported in this paper 
indicated that, of the four fillers 
evaluated, the hollow phenolic spheres 
appeared to provide the best results. 
A comparison of hot-spot temperatures 
of unembedded tubes with those em- 
bedded in various low-density com- 
pounds gave the following values: 


Filler Unembedded Embedded Embedded 
at 23C at 23C at 82C 


ambient ambient ambient 


Hollow clay 
spheres 
Urea-formalde- 
hyde spheres 100 100 135 
Hollow phenolic 
spheres 100 105 140 
Hollow glass 
microspheres 100 95 129 


100 C 85C 125C 


Semiconductor Device 
Design and Performance 


Performance of semiconductor devices 
can be appraised from two stand- 
points: (1) general performance and 
(2) specific circuit performance. The 
first is related to the general electrical 
parameters of the device and indicates 


THIS MONTH’S RESEARCH NOTES 


how the device will perform in differ- 
ent circuits. Circuit performance indi- 
cates only how the device will perform 
in a specific circuit. Performance thus 
depends on the design and the com- 
bination of physical, chemical and 
thermal parameters. Quality depends 
more on the way the designed device 
has been manufactured, particularly 
on how it was encapsulated. These 
points introduced a paper, “Effect of 
Device Design on Performance and 
Quality,” by J. C. van Vessem, N.V. 
Philips Gloeilampenfabrieken, Eind- 
hoven, Holland, presented at the In- 
ternational Convention on Transistors 
and Associated Semiconductor Devices, 
London, England, last May 21-27, 
To predict performance, Mr. van 
Vessem pointed out, the designer often 
finds that the very complete (and con- 
sequently often difficult) electrical 
specification is only necessary to pre- 
dict behavior in all possible circuits. 
If the application is known, however, 
another method of specification might 
be to guarantee a specific circuit per- 
formance by testing only a few impor- 
tant parameters rather than all so- 
called basic electric parameters, with 


Ceramic Mirrors for Infrared Optical Syster , EEE CO ee. 
Predictability Techniques in Selection of Basic Radome Materials ............ 





Research 
Horizons 


all their possible spreads and devia- 
tions from design center values. Pro- 
vided that the use of the device is 
known and the design parameters are 
fully controlled, a practical test seems 
to combine the advantage of a better 
specific performance with an easier 
specification. For a general type, how- 
ever, a complete electrical specification 
remains a necessity. 

For the determination of quality, the 
surface phenomena are usually the de- 
ciding factors: encapsulation and sur- 
face pretreatment are most important. 


Common Language for 
Machine Translation 


The proliferation of the world’s tech- 
nical literature is creating an enor- 
mous problem in literature search and 
data retrieval. This problem apparent- 
ly can be met only by the development 
of appropriate and effective machines 
for searching, correlation and transla- 
tion. 

A critical need in this work is a 
common language for machine opera- 
tion. To investigate this problem, a 
committee representing 10 nations was 
named at the closing session of the 
International Conference for Stand- 
ards on a Common Language for Ma- 
chine Searching and Translation which 
met in Cleveland September 6-12 under 
the joint sponsorship of the Western 
Reserve University and the Rand De- 
velopment Corporation. The work of 
the conference will be carried on by 
the committee under the four main 
headings of research, nomenclature, 
exchange of materials and informa- 
tion, and exchange of personnel. 

At the Cleveland conference 55 for- 
mal papers reviewed work in progress 
in machine literature searching, ma- 
chine translation and language studies 
for machine searching, correlation and 
translation. 


Colorimetry Standards 
for Engineering Materials 


The Inter-Society Color Council has 
produced some positive action on the 
problem of material standards for the 
colorimetry of opaque, translucent and 
transparent materials. This problem is 
one of several being studied by cogni- 
zant standing subcommittees of the 
Council. Basis of this particular prob- 
lem is the increasing need for stable, 
rugged standard samples, readily avail- 
able in a wide range of colors, for use 
in instrumental measurements of the 
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appearance attributes of materials. 

e The stated objectives of the ISCC 
subcommittee dealing with this prob- 
lem are as follows: 

1. Determine the types of materials 
most suited for use as colorimetric 
standards, 

2. Develop specifications for the 
preparation of a set (or sets) of rep- 
resentative standards, 

3. Arrange for the preparation, cali- 
bration and distribution of the stand- 
ards. 

4. Develop and recommend proce- 
dures for their care and use. 

e To obtain a body of adequate 
data, the following program was set 
up: 

1. Make a preliminary survey of 
materials and, where pertinent, mate- 
rial-colorant systems showing promise 
for high color stability. 

2. Obtain specimens of such mate- 
rials in a representative gamut of 
colors, using commercially available 
formulations wherever possible, 


Radiation Effects on Materials— 


ASTM Test Methods for Polymers 


Under the joint sponsorship of ASTM 
Committee D-9 on Electrical Insula- 
tion and D-20 on Plastics, a tentative 
recommended Practice, “Exposure of 
Polymeric Materials to High-Energy 
Radiation,” is now in the process of 
adoption as standard. 

e Purpose of this recommended 
Practice is to define conditions for the 
exposure of plastics and elastomers tu 
high-energy radiation prior to deter- 
mination of radiation-induced changes 
in physical or chemical properties. 
Only the conditions of irradiation are 
specified and not the specimens, so that 
the effect of radiation on any property 
may be determined by the use of the 
appropriate specimens and test meth- 
ods. The method describes procedures 
for five types of exposure, as follows: 

Procedure A—exposure at ambient 
conditions 

Procedure B—exposure at controlled 
temperature 

Procedure C—exposure in a medium 
other than air 

Procedure D—exposure under load 

Procedure E—exposure combining’ 
two or more of the variables listed in} 
Procedures A through D. 

The method specifically covers the 
following kinds of radiation: gamma or 
X-radiation, electrons or beta radiation, 
neutrons, and mixtures of these such as 
reactor radiation. 

The procedures are designed to 
standardize the exposure of organic 
polymers for the purpose of studying 
the effects of high-energy radiation, but 


3. Set up and direct the program of 
instrumental measurements. 

e Specifically, the Subcommittee 
needs assistance from industry in the 
following areas: 

1. Additional quantitative data of 
high precision on the long-term color 
stability of candidate materials, where 
such data already exist. 

2. Samples for the measurement 
program to obtain such data as do not 
now exist. 

3. Assistance in carrying out the 
required measurements. Demonstrated 
long-term precision and stability of 
instrumentation is an essential pre- 
requisite. 

Comments may be sent to Henry 
Hemmendinger, 76 North Fourth St., 
Easton, Pa., under whose direction the 
program is being carried out. 

[A report on the current plans of 
ASTM Committee D-12 on the Appear- 
ance of Engineering Materials ap- 
peared in August 1959 “Research 
Horizons,” p 9.] 


have been made flexible enough that a 
large variety of conditions may be met 
within the scope of this one irradiation 
method. 

e Three categories of high-energy 
radiation are specifically included in 
this recommended Practice. (The radia- 
tion effect may be different for differ- 
ent kinds of radiation or for large dif- 
ferences in irradiation dose rate.) The 
dose rates show the range for a given 
kind of radiation within which past 
experience indicates that approximately 
equal effects will result for equal total 
exposure: 


Radiation Rads per hr. 


Gamma radiation, 
X-radiation 

Electrons, beta radiation 
Radioisotopes ... 
Accelerators 

Reactor radiation (neutrons 
and gamma radiation) 


105 to 10’ 


10° to 107 
10 to 10'° 


10° to 10° 
e The final report is to include: 


a. The exposure procedure used, 
including pertinent details such 
as temperature medium, stress 
on specimen, post-irradiation 
storage, description of contain- 
ers. 

. Irradiation conditions. 
. Description of the test-speci- 
men size, shape and thickness. 

. Complete description of the ma- 
terial tested; as much informa- 
tion as is available shall be re- 
ported. 
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Ceramic Mirrors for Infrared Optical Systems 


CERAMICS as alternative mirror materials 
for infrared optical systems were investi- 
gated at the Ramo-Wooldridge Division of 
Thompson Ramo Wooldridge to overcome 
these two problems: 


a. glass mirrors for precision optical 
systems of moderate to large size usu- 
ally impose a weight penalty on the 
design; 


unless a temperature-controlled en- 
vironment is provided, the expansion 
of a glass mirror will cause changes 
in system performance, 


In summary, the desired material was 
required to be lightweight, strong, stable 
and easily producible, in addition to ex- 
hibiting a negligible coefficient of thermal 
expansion. 

Preliminary studies pointed to ceramics 
as appropriate materials, since it was pos- 
sible to control the coefficient of expan- 
sion by suitable proportioning of basic 
materials. A refractory material coated 
with a glaze that could be polished to a 
mirror surface was the first ceramic in- 
vestigated. Glazes, however, almost always 
show bubbles below the surface and there 
is apparently no known or easy way to 
prevent their formation or to eliminate 
them once they are formed. Further ex- 
perimentation led to the use of a very 
fine-grained porcelain mix which polishes 
with the quality of a glass. All constituents 
must pass a 1000-mesh screen, and the 
mixture is ball-milled for two days. The 
mixture contains colloidal clays that are 
principally alumina and silica. These in- 
gredients give the mixture a good wet- 
body for pouring and casting. They also 
help to hold the shape during firing. Par- 
ticles of feldspar in the mixture fuse 
during firing and bond the alumina and 
silica particles. 

This porcelain mixture has been slip- 
cast into hollow shapes (Fig. 1) and has 
been pressure-molded into shapes with 
finned backs. At present, a method of cast- 
ing that includes settling under vibration 
is being studied. After being formed, the 
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Predictability 


ELECTRICAL PARAMETERS of a radome wall 
are changed as a result of nuclear radia- 
tion. Extensive changes can limit radome 
performance; therefore, the scope of such 
effects must be determined. 

e Transient and post-irradiation test 
data on basic radome materials alone do 
not show the ultimate effect of nuclear 
radiahon on radome performance. The net 
effect of changes in loss tangent and di- 
electric constant must be stated in terms 
of power transmission for a specific wave- 
length through a specific wall. Such a 
wall may be symmetrical or unsymmetrical 
and composed of a mono-layer or multi- 
dielectric layers. In the investigation re- 
ported here, three-layer walls were selected 
as possible examples for analysis of radi- 
ation effects. 
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Fig. 1—Hollow porcelain mirror blank with posts. Internal posts provide addi- 
tional support and strength without detracting appreciably from the weight-saving 
advantages of the hollow core. Surface to be polished and coated is facing down. 


damp casts are carefully dried and slowly 
fired. This is a critical part of the proce- 
dure since shrinkage is about 20 per cent 
and care must be exercised to prevent 
cracking. This degree of shrinkage, how- 
ever, is a processing advantage since it 
compacts the mixture into a dense, non- 
porous product. After being fired, the 
porcelain blanks may be ground and pol- 
ished to any depth; there is no risk of 
breaking through the integral surface 
glaze. Standard optical-shop equipment 
may be used. 

The polished ceramics have been coated 
with evaporated aluminum and show 95 
per cent reflectivity (at 10 deg incidence) 
from 1 to 11 microns. This is substantially 
the same as from aluminum on glass. 
(See Fig. 2.) The coating shows no ap- 
preciable deterioration as in the case, for 
instance, with Grade A lava, a_ natural 
stone which polishes rather well. Coatings 
on lava gradually disintegrate either be- 
cause of outgassing during evaporation 
or ingassing upon re-exposure to the 
atmosphere. 

Within a reasonable range, the thermal 
coefficient of these ceramic materials can 
be prescribed for specific application. It 
is expected that further experimentation 
(using both positive and negative consti- 


e The complex parameter changes re- 
sulting from nuclear radiation were re- 
lated and presented in final form as powet 
transmission through the flat dielectric 
lens. A predictability computer program, 
developed by William Schroder, Lockheed 
Aircraft Corporation, California Division, 
was employed for the analysis of typical 
radome-wall flat-panel sections. 

e An IBM 704 computer, which prints 
transmission coefficients in tabular form, 
can be readily programmed to accept as 
input data the loss tangent, dielectric 
constant of sheet, thickness and number 
of dielectric layers. Output data will then 
be the power transmission coefficient as a 
function of the incident angle and _ polari- 
zation of the beam. 

@ Details of the actual routine and the 


tuents) will lead to materials with zero 
coefficient. 

Acknowledgment: This report is based 
on Ramo-Wooldridge Infrared Department 
internal reports. 
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on glass 
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Aluminum on polished 
ceramic and on polished 
titanium 
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Polished ceramic 
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Per cent reflectance 
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Fig. 2—The_ reflectance obtained with 
aluminum on polished-porcelain ceramic 
is substantially the same as that obtained 
with aluminum on glass. The slight loss 
is compensated by weight savings in 
special applications. Curves shown were 
made for the infrared portion of the 
spectrum using ceramic mirrors devel- 
oped for infrared applications. The re- 
flectance of uncoated polished ceramic is 
shown in the bottom curve. 


Techniques in Selection of Basic Radome Materials 


equations used to establish the IBM pro 
gram employ conventional electromagnetic 
equations and related expressions for en- 
ergy absorption, reflectance and transmis- 
sion in terms of complex electrical para 
meters. Manual computation is not prac 
tical because of the time required. Theo- 
retical estimates of the results of nuclear 
radiation on radome dielectric sandwich 
panels were made by the use of this pro- 
gram. Changes of +10 per cent and —10 
per cent in dielectric constant and loss 
tangent of the skin and core of the panel 
were considered equivalent to those in- 
duced by radiation. Power transmission 
was then calculated for three unsym- 
metrical radome flat-wall panels. 

e The theoretical analysis of three 
typical panels is presented in Figs. 1, 2 
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;}Ond perpendicular 
--— +10 %) polarization 
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and 3. Each flat panel consists of a core 
and two “skins” or faces. The electrical 
and physical properties of the core and 
each skin are defined in these figures. 

e@ These figures show that power trans- Inisiay PoreMeres yorues 
mission for the test panels is changed 220.0 Skin | Core2 Skin 3 
about +3 per cent when a change of arate “40000 13000 4: 
initial parameters is +10 per cent. This constant, £ a ait 
may not be too significant for systems in r 
which transmission is more than adequate, 
but it could be critical for those with a 
marginal design level for range and sen- 
sitivity, and for energy reflection. Trans- 
mission is less affected by induced changes 
for parallel polarization. : : 

e@ A tapered panel optimized as to core ) ) 50 70 
thickness and incidence angle provides in- Oo ay incidence angle, &,deg 
creased transmissivity; the changes that 
might result from radiation would there- Fig. 1—Conventional unsymmetrical-wall electric parameters (perpendicular and 
fore be less significant. Polarization in- parallel polarization). 
fluences transmission more at high inci- 
dence angles. 

e Although emphasis was placed on 
assumed changes in electrical properties 2 Legend 
and the span of these changes was arbi- ; -10.%) Changes in E. and tor 
trarily chosen, the predictions indicate the e, | for both parallel ar 
ultimate results of radiation on a dielectric °F perpendicular 
lens assembly when actual changes are . 0%) polarization 
used instead of simulated ones. : 

e Advanced mathematical routines for 
the IBM 704 are being devised to analyze 
radomes of complex shape or contour. 
Such programs will permit rapid analysis 
of proposed radome designs, allowing faster 
correlation of aerodynamic, structural, nu- 
clear and microwave design requirements. 

e Ultimate prediction capability of an 
IBM program for any shape of radome 
as a function of radiation must also con- 
sider the following: 

a. beamshift 

b. phase front shift 

c. transmission 

d. bore sight error and 

far field pattern. 


ransmission 


tangent, 
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- Fig. 2—Conventional unsymmetrical-wall core optimized for maximum low-incidence- 
Conclusions angle transmission (perpendicular and parallel polarization) . 
1. Radome parametric studies involve 
such a number of variables that direct 
measurement of all parameters simultane- 
ously in a nuclear environment for an 
actual radome is difficult. 

2. Mathematical routines using known 
perturbation of dielectric-wall properties as 
a function of nuclear-radiation integrated 
dose can predict radome performance. 

3. Estimates using these techniques in 
dicate that the overall effect of radiation 
may not be too great on actual radome 
performance for a +10 per cent variation 
of electrical properties within the limits 
of the design cases studied 

4. Correlation of radiation effects in di- a | | Thickness, ir 
electric materials with actual performance ‘ X= wavelength 
in a dielectric lens can best be made 
using a computer program. 

5. Correlation of dose and change in 
transmission to any design panel can be 
performed 

FRANK W. THOMAS 
LockHeeD Nuc.ear Propucts 
LocKHEED AIRCRAFT CoRPORATION 
Georgia Division Fig. 3—Unsymmetrical tapered-panel wall optimized for each incidence angle (per- 
Marietta, Georgia pendicular and parallel polarization). 
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small Gears oo very small Gears... extremely small Gears... 


PRECISION-MADE IN PRODUCTION QUANTITIES! 


We'll take off our hats to nobody when it comes to filling require- 
ments for Gears to 120 DP.—turned out in economical quantity 
runs—which meet the toughest specifications! Bevels, Helixes, 
Internals, Clusters —of steel or aluminum —miniaturize as you will, 
G.S. can design and produce the Gears you need for Instruments — 
Appliances — Missiles —Control Systems—and the like. Our ability 
to give spectacularly uniform performance on Gearing of small size 
or fine pitch has, perhaps, been our best-known specialty during 
our 43 years of dealing with demanding users (though today we 
do many other Gear-making jobs with equal facility and skill). 


Have you an application where precision in small Gears is a vital 
factor in smooth and satisfactory production in your plant, or 
trouble-free performance of your product in use? Then put the 
specially-trained, broadly experienced G.S. Gear Engineers, and the 
superbly equipped G.S. plant, on your team. Today would be a 


good time to start! 


SCCM ‘ 


SEND FOR G.S. illustrated folder! See where and how we mass-manufacture 
et eee A Small Gearing to uniformly fine tolerances. Folder contains 23 pictures of 
CHICAGO 47, ILLINOIS Small Gears, plant view, as well as Diametral and Circular Pitch Tables. 


Ask for your copy on company stationery, please! 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


pages sarceltyansibnnensiiwibn F3 Yeats of Specialising tt anal Gearing! 
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NEED TOP QUALITY? | 


USE G-E RESISTORS 


| bility analysis. (Lyapunov being one of 
those unpronounceable Russian names, 


Specify G-E vitreous-enameled resistors 
when your designs require dependable | 
performance. G-E resistors are designed 
to eliminate failures! Non-crazing vitre- 
ous enamel effectively seals out corrosive 
atmospheric conditions. You pay noth- 
ing extra for this G-E quality! Follow 
instructions below for the G-E Resistor 
Catalog. General Electric Co., Roanoke, 
Virginia. 784-17 


Progress /s Our Most Important Product 


| to only three MIT scholars - 
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Pius or Minus 


Random Comments of the Editors and Readers 


“Dr. Cybernetics” Writes a Novel 


It isn’t very often that a technical maga- 
zine reviews a novel, but then The 
Tempter (Random House, New York, 
$3.75) is an unusual novel and Dr. 
Norbert Wiener is an unusual novelist. 
We must confess that our curiosity was 
mixed with some trepidation as we 
started to read a first novel by so dis- 
tinguished a scientist, but after a very 
few pages we were completely fasci- 
nated by this exciting, fast-moving story 
about the world of invention and en- 
gineering. It is written for every en- 
gineer, who will recognize and under- 
stand much that he has perhaps only 
vaguely perceived before. 

The author, Dr. Norbert Wiener, is 
one of the world’s most renowned ma- 
thematicians and thinkers. His publica- 
tions are legion; among them are his 
well-known books Cybernetics and The 
Human Use of Human Beings. 

Throughout the world, 
Wiener—who was recently appointed 
an Institute (MIT), a 
tinguished honor 


Professor 
Professor dis- 

accorded 
-is known 
coined the 
Greek 

from 


academic 


Cybernetics.” He 
“cybernetics” from the 
helmsman, and 


“governor is also de- 


ae’ “Ee. 
word 
word meaning 
which our word 
rived. 

The plot of The Tempter is the story 
of an first 
practical” idea through the many dif- 


invention—from_ the “im- 


ferent steps necessary to translate 


‘ Bode, Nyquist and 


A subject of prime interest at the en- 
thusiastically attended Automatic Con- 
trol Conference last month in Dallas 
was the Lyapunov method of servo sta- 


we won't even attempt to tell you 


| which syllable to accent. There were as 


many variations used in the course of 
the meeting as there are syllables.) It 
seems Mr. Lvapunov did his work some 
time ago and his method (it is known as 
the “second” method—don’t ask what 
happened to the first) is widely used 
in Russia today. Treatises on the sub- 
ject have only recently been translated, 


however, so it is not widely known in 


this country. 
Foremost proponents of the subject 


dreams into plans, plans into blueprints, 
and blueprints into hardware. Above 
all, this is the story of the human be- 
ings who dream and plan, implement 
and build, and thus make our world. 
In this drama they are both working to- 
gether and fighting one another as in- 
dividuals, and the time of the giant 
corporation with its division of respon- 
sibilities and its obscuration of au- 
thority is yet to come. 

The story is brought to life by human 
beings whom we can admire, deplore, 
like, or dislike; whom we can under- 
stand and identify with. 
And, sinee there is probably a little 
of each of them in every one of us, 


sometimes 


we can feel compassion for each of 
them. They are: the genius, so far 
ahead of his time that only a few can 
understand his work, whose interest in 
his work is “intellectual rather than 
acquisitive,” so that his reward is his 
pride and his independence bought at 
the cost of poverty and derision (Wood- 
bury); the charming, but shallow and 
vain professor who makes an easily 
manipulated facade—the tempted (Do- 
minguez); the  industrialist-financier 
who manipulates human beings like 
pawns on a ruthless 
pirate, but one with a sense of decency 
and responsibility toward those he ex- 
(Williams); the 
craftsman who 
content to let 


chessboard—a 


ploits honest, solid 
loves his work and is 
fame and 


bestowed upon others, as long as he can 


fortune be 


(Continued on page 16) 


Routh—Now, Lyapunov 


at the Conference were R. E. Kalman, 
Research Institute for Advanced Study, 
and J. E. Bertram, IBM, whose ability 
to shed light on Mr. Lyapunov’s method 
both intelligently and at length earned 
our great admiration. Some time in the 
future, we would like to get one of 
them to shed some of this same light 
in these pages, thus adding to our in- 
creasing store of information on servo 
design. At this point, and in this space, 
we would be foolish to attempt any ex- 
planation. If you'll forgive our saying 
so, it is at once extremely simple and 
fantastically difficult. 

For the time being, just keep the 
name in mind and prepare to make 
room for Lyapunov between Bode and 
Nyquist, —J.R.R. 
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fs Limit 
AP 7 L Switches 


Actuate Iwo Circuits 
Simultaneously 
--- Without Special Linkage 


The D-2400 series Snap-Lock Limit Switches with two normally open 
and two normally closed contacts permit making or breaking two 
individual circuits simultaneously. Mounting problems are simplified, 
special linkages eliminated and costs kept to a minimum. 

Snap-Lock Limit Switches were originated by National Acme to meet 
the severe mechanical and electrical conditions imposed by all types of 
machine tools. The outstanding simplicity and ruggedness of these water 
and oil tight switches make them adaptable to the toughest heavy-duty 
assignments. 

Four basic models with a wide variety of actuating levers will handle 
up to 5 amps, 600 volts, AC. For complete details, parts list, and scale 
drawings, write for Bulletin EM-5824. 


THE NATIONAL 


ACME COMPANY 
tT arg tte W7e E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 


SWITCH 


D2400- Gx ~~ 


MECHANICAL SIDE ELECTRICAL SIDE 


% Re a tela i BE & e ree PETIT nT 
z ae ; ee “ Be 
125 OC 1/3 HP —_— ae 


* € 
THE NATIONAL ACME CO. 
CLEVELAND. OHIO 
MADE IN USA 


PATENTS APPLIFO FOR 


Sn ahaa 
All Snap-Lock switches have separate enclosures within a single 


housing for the mechanical and electrical sides. Ample wiring 
space is provided and maintenance greatly simplified, 


a Pra 
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make the dreams of genius come true 
(Watman) ; the woman who is quietly 
making a place for herself in the world 
as a person in her own right (Helen 
Deacon) ; the last scion of another era 
who is quite willing to be a pirate as 
long as he can keep up the pretense— 
even to himself—of honor and right- 
eousness (Albright) ; and the star—the 
“tempter”—who coordinates the talents 
of others, who (if he is not himself an 
inventor or a creator) is the adaptor 
without whom all dreams would remain 
perishable, who (if not always virtuous) 
is so reconciled to the world in which 
he finds himself that he controls his 
pangs of conscience and atones after 
the fruits of his “realistic” action are 
safely harvested (James). 

The settings are sketched with great 
insight, wit and good humor. The 
“portraits in the style of Sargent” at 
White Pillars, the da Vinci Club (a 
club for engineers which has taken its 
name from the “other side of da Vinci. 
which most people don’t know so 
well”), the Piston and Rudder Society, 
the old Williams & Albright plant and 
the modern Williams Controls Labora- 
tory, Fairview University, Consolidated 
Generators of Syracuse. Every engineer 
knows this world of which this novel is 
a vivid report and, perhaps, an indict- 
ment. 

Dr. Wiener dedicates his book to 


(Continued on page 192) 


THIS MONTH’S COVER 


Electrical /:i2= 


Determinants and matrices are the centers 
of interest in our Basic Science article 
this month (p 133) and forms typical of 
these mathematical methods dominate 
our cover. The background of circuits 
suggests the essential role of these meth- 
ods in network analysis and synthesis. 
With the matrix algebra basis established 
this month, the emphasis in our Janu- 
ary issue will be squarely on network 
analysis. 
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ECONOMICAL PROTECTIVE 
COATINGS FOR BRASS, 
ZINC, CADMIUM, COPPER 
eer TE tera) 


The Chemical Corporation 
offers a complete line of 
uniform-controlled chromate 
conversion coatings that pro- 
vide maximum protection in 
one, low-cost, simple opera- 
tion. Available for immediate 
delivery as liquid or powder. 


Always Specify Luster-on — 


FOR BRILLIANT CORROSION- 
RESISTANT FINISHES... 


rivaling chrome for many appli- 
cations where cost is a factor. 
Long-lasting, easily controlled 
application. 


FOR CLEAR, BRIGHT and 
IRIDESCENT COATINGS... 


gives striking, attractive appear- 
ance with complete corrosion- 
protection ...even when humidity 
and handling are involved during 
processing. Also yellow iridescent 
and olive drab for concealed parts 
or as a paint bond. 


FOR DECORATIVE COLOR... 


on low-cost zinc. Brilliant golds, 
yellows, blues, greens, violets, 
reds, brass and copper hues. 


FOR ALUMINUM ... 


where surface hardness is not of 
prime importance. Excellent fin- 
ish for paint bonding. 


FOR LASTING BRIGHTNESS... 


on both copper and brass without 
noxious fuming. 


FOR DIE-CASTINGS... 


one quick dip provides uniform 
finish, ideal as a base for painting. 


We'd like to show you what 
Luster-on can offer you! Send in 
sample part today for free proc- 
essing. Data sheets on request. 


Luster-on .. . the first and still 
the finest in conversion coatings. 


air Be 


’ oa 
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BL COU NOPE CT 


63 Waltham Ave., Springfield 9, Mass. 
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OPEN OUT FOR CONVENIENCE 


Electrical 
Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply te 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by February |, 1960 
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CHECKING INQUIRY CARDS 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 244. 


New Literature 
Latest catalog and bulletin offerings starting 
on page 226. 


Reprints of Editorial Features 
Article reprints, available without charge, are 
listed on page 210. For Basic Science Reprints, 
see Order Form on page 218. 


Not good after February 1, 1960 


NEW COMPONENTS NEW LITERATURE | REPRINTS 
513 530 632 649 666 701 718 735 
514 531 633 650 667 702 719 736 
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517 534 636 705 722 739 
637 706 723 
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@ Order your Basic Science & Engineering reprints on the coupon 
Order Form on page 218. 
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Inquiry Cards from any page in issue 


Electrical 


Manufacturing 





ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by February |, 1960 


READER 
INQUIRY 


SERVICE 









POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 


NEW YORE 17, N. Y. 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in the United States 
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Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 244. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 226. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 210. For Basic Science Reprints, 
see Order Form on page 218. 
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Copper Alloy Bulletin 
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Bridgeport UU | AU! 
Cuts Costs of Electrical dicis Contacts by 25% 


This outstanding Bridgeport alloy offers many of the superior mechanical PRESSU RE CLIPS 
qualities of phosphor bronze at considerably less cost... with a superior 

electrical conductivity rated at 22% IACS at 68° soft. Designed to meet 

the exacting standards of the electronics industry, Bridgeport ‘Contact 

Bronze” (Alloy 92) maintains spring properties even after difficult forming 

operations. Add corrosion resistance and “Contact Bronze” is a guarantee 

of efficient and reliable performance throughout your product’s service life. 

Here are a few examples: 


ELECTRIC 
MOTORS 


The 100-hp 4-pole motors 
driving extruder-type ma- 
chines in a dog-food plant were 
causing frequent production 


breakdowns. The material 
processed was so highly vis- American Electric Switch Division, 


cous that the motors were Clark Controller Company, found that 
stalling, jogging and burning “Contact Bronze” fitted their needs for 
out. To meet the high torque, a lower cost alloy for pressure clips. Its 
high slip necessary to minimize electrical conductivity, corrosion resist- 
stalls and also to provide the ance, spring and formability properties 
high thermal capacity re- were more than comparable with other 
quired, Allis-Chalmers Com- alloys...at 25% less cost. 

pany designed a special motor 

rotor utilizing Bridgeport 

“Contact Bronze” in place of 

copper. Burnouts from over- 

load were eliminated and the & 

performance of the “Contact i : 

Bronze” motor was so excel- wv Check the Savings 
lent that Allis-Chalmers re- 


ceived an order for another | N V E S T | G AT E 


sixteen of the same type. 


TRAILER TRUCK BRAKING SYSTEM Electronic and mechanical de- 


vices, switch gears, circuit break- 
Warner Electric Brake & Clutch Com- os ers, contacts, terminals are just a 
pany manufactures an ingenious electric EP 4 few of the applications. There are 
brake system for heavy-duty trailer is ; thousands of others. Call your 
trucks. Through a graduated series of wi" ~*~ nearest Bridgeport Sales Office or 
Bridgeport “Contact Bronze” leaves, it ’ write Dept. 4206 for full details 
allows the driver to adjust torque in- Tey of Bridgeport Contact Bronze. 
stantly and smoothly to suit load and  . : 4 | Bridgeport Brass Company, 
road conditions. The conductivity and \ Si : i Bridgeport 2, Conn, 
performance-proved spring properties of 
“Contact Bronze” provide added safety 
and long-haul reliability. 
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SUITABLE FOR 105°C SERVICE 


VARIEX 


protection & insulation 
in high-heat flexible extruded tubing 


| 


This versatile UL-listed tubing has exceptional electrical 
and physical properties for applications over a tempera- 
ture range up to 105°C. Its protective and insulating 
qualities and unusual flexibility make it ideal for leads, 
connections and allied uses. A broad selection of colors 
and standard ASTM sizes are available. R191 Vartex 
conforms to ASTM D922-54-T (Grade C) and meets 
the requirements of MIL-I-631C, Type F, Grade C, 
Classes 1 and 2, category 1. Millions of feet of Vartex 
are meeting the most difficult field conditions. 


RED | Designed i cone to peng iy hor ; and 
, Classes 1 and 2, category 1. conforms 
OTHER to ASTM 0922-54-T (Grade WN. 
VARTEX Designed to conform to MIL-I-7444B. 
a | heer 


NEW JERSEY WOOD 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION »« WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES ¢ VARNISHEO "FIBERGLAS't CLOTH ANO TAPES e 
VARNISHED SILK AND SILK SUBSTITUTE ee SYNTHETIC RESINOUS TAPES AND EXTRUDED 
TUBING @. POLYETHYLENE, SHEETS. TAPES ANDO EXTRUDED TUBING *® CABLE WRAPPING TAPES 
© “VARSIL" SILICONE VARNISHED "FIBERGLAS'T CLOTH AND TAPES ¢ "'VARSLOT" COMBINATION 
SLOT INSULATION: - RAG PAPER AND VARTEX VARNISHED CAMBRIC e¢ FISH PAPER AND VARTEX VAR- 
NISHED CAMBRIC © RAG PAPER AND "'MYLAR"* POLYESTER FILM © ASBESTOS PAPER AND "MYLAR’’® 
POLYESTER FiimM e KRAFT PAPER AND "MYLAR”™* POLYESTER FILM VARTEX VARNISHEO 
“FIBERGLAS"'t AND ''MYLAR’* POLYESTER FILM © SPECIAL COMBINATIONS AVAILABLE UPON REQUEST. 


*Mylar, DuPont's registered trademark TFibergias, Owens-Corning Fibergias registered trademark 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 

possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 


M-1886-L4P 1885-6 
NEW “PADDLE” NEW THREADED 


HANDLE SWITCH PLUNGER SWITCH 
for any cap 


we 


CIRCLE F’s 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


CIRCLE F MFG. CO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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THE NEW BONDEZE’ WIRE 


RR ne en at A CL NR I om 


FOR SELF-SUPPORTING 
COILS...PHELPS DODGE 


onadeze 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 
TO MARKET! 
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A self-bonding wire—now 
with improved and added properties! 


Improved in three important ways: 


» Extra resistance of underlying film to 
temperature-pressure ‘‘cut-thru.”” Reduces shorts. 


Crazing negligible when solvent bonded. 
Underlying film gives better thermal life. 


..and with this newly added property: 
Easy solderability . . . solders or dip-tins at 
low temperatures without cleaning or stripping. 
No damage to copper conductor. 


Phelps Dodge S-Y Bondeze® magnet wire bonds 
turn to turn with a single application of heat or 
solvent. This important property, combined with 
improved thermal characteristics and easy 
solderability, opens a new and wider range of 
applications for self-supporting coils or bobbin-less 
coils and windings. 


Any time your problem is magnet wire, consult 
Phelps Dodge for the quickest, surest answer! 
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Luckily our engineers designed this liquid-filled bulb and 
capillary tube indicator controller for easy adaptation. It’s 
been specified for applications ranging from gas burner con- 
trol to fuel temperature control in missile ground support 
equipment. Yet, basically, it’s always the same, simple 
“black box”! 

The secret is case space. Room for up to 3 snap switches 
providing 3-point control. Nine-pin connector available for 
quick connect/disconnect to power source. Choice of 5 stand- 
ard temperature ragges between —150° to +700°F (or 

‘ special ranges). Can control as many as four circuits 
ll th simultaneously! 
What Wl ey Also . . . welded steel, splash and dust resistant case in 
. black or gray crinkle finish, white enamel, or special color. 
th k f t! Available completely fungus resistant. Mounts flush or on 
in O nex e panel. Pilot light, if desired and . . . every detail for each 
specific application! 
ae what new modifications Design this competitively priced, high-efficiency controller 


into your product. Details from Fenwal Incorporated, 


of the Fenwal 541 512 Pleasant Street, Ashland, Massachusetts. 


Temperature Controller will equipment designers ask for? 


All moving parts of the rugged Fenwal 541 Temperature 
Controller operate in opposition . . . compensate for wear and 
maintain perpetual high accuracy. Ratings: 15 and 20A- 
125-250VAC; .50A-125VDC; .25A-250VDC. 


= 
x 
= 


ae 


CONTROLS TEMPERATURE... PRECISELY 
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How to get 55% over-all efficiency in 
transistorized 6-watt ‘s Servo amplifier 


2 Be SE OS A a 
a — . 


HIGH-EFFICIENCY SERVO - 
CIRCUIT REQUIRES... 

e no output transformer 

e no center-tap motor winding 


Higher over-all efficiency than in a con- 
ventional Class-B push-pull amplifier is 
achieved in this servo by use of unfiltered 
rectified a-c for current supply voltage— 
with resulting reduction in size, weight 
and power supply requirements, This 

higher efficiency means greater transis- 
tor reliability, calla heat sink and/or 
higher allowable ambient temperatures. 
Output will remain sinusoidal when am- 
plifier is overdriven. 


CONTROL PHASE 
6 WATT, 26. VOLT rms. 


COLLECTOR 
a“ 


DIMENSIONS ARE MAXIMUM IN INCHES r ae ‘ Pal Mace 12-watt power transformer step-down 115 volt to 68 volt ct. 
ae ee ee nee: N2: N3=2: 1: 1 


UNLESS OTHERWISE SPECIFIED 


ACTUAL SIZE 


---with Ti 2N1050 AI-P-Ni silicon transistors! 


Exclusive TI 2N1047 intermediate-power series now BVogx...15-ohm Ros... — 65°C to +200°C operating 
gives you maximum design flexibility plus high effi- and storage range...choice of beta spreads. 


: : Ge : 
ciency ...all in a miniature package! Apply TI’s guaranteed specs to your design situations 


Consider the design flexibility made possible by the today. This use-proved series is available off-the-shelf 
exclusive features of this series... 40 watts dissipation —at factory prices —in 1-999 quantities from your 
at 25°C case temperature...unique stud mounting nearby authorized TI distributor, and in production 
for maximum thermal efficiency ...80- and 120-volt quantities from your TI sales office. 


TEST CONDITIONS _[p a nsf 
mae BVcex Breakdown Voltage I6 = 250 ne ~Vy_e= 120 80 . 
woe AMPLIFIER BV E80 Breakdown Voltage I= = 250 va i= =0 
lego Collector Cutoff Current Vics = 30V i.=0 
hee Current Transfer Ratio ft Veg= 10V le 200ma 














hie Input Impedance ft Vee= 10V 1,= 8ma 

Res Saturation Resistance ¢ 1-= 200 ma 1, = 40ma 

Vee Base Voltage t Veg== I5¥ 1. = 500ma 
Write on your company letter- tSemiautomatic testing is facilitated by using pulse techniques to measure these parameters. A 300- microsecond pulse (approxi- 
head for illustrated Tl APPLI- mately 2% duty cycle) is utilized. Thus, the unit can be tested under maximum current conditions without a significant increase in 


CATION NOTES on the tran- junction temperature, even though no ‘heat sink is used. The parameter values obtained in this manner are particularly pertinent 
sistorized servo amplifier. for switching circuit design and, in general, indicate the true capabilities of the device. 





germanium and silicon transistors 


silicon diodes and rectifiers TEXAS ap | | N ST R U M EN TS 


rakTicap solid tantalum capacitors in 


cf [INCORPORATED 


7 ¥ 
precision carbon film resistors “” —_ SEMICONDUCTOR-COMPONENTS DIVISION 
incu 13500 N. CENTRAL EXPRESSWAY 
ayer eliicon resistors POST OFFICE BOX 312 + DALLAS, TEXAS 
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If you have this type of motor problem: 


2. INRUSH CURRENT LIMITATIONS 


Why part-winding start? It’s a question of large 
inrush current problems caused by across-the-line 
starting of motors that are getting bigger and 
bigger. Industry is concerned about the resulting 
voltage dips causing equipment to malfunction. 
Power companies are concerned about the attend- 
ant line-voltage fluctuations. And just as impor- 
tant, no resistors or auto-transformers are needed, 
making it the most economical of reduced KVA 
starting methods. 


Why A. O. Smith? The answer is a scheme for 
part-winding start employing a balanced, two- 
section stator sequence. This allows the motor to 
be started at only three to four times the normal 
full-load running current — one set of stator wind- 
ings usually brings motor up to running rpm in 


two to five seconds. Then, without breaking the 
circuit, the second set of windings cuts in smooth- 
ly and efficiently with minimum line disturbance. 


A. O. Smith’s balanced start minimizes vibra- 
tion and noise caused by unbalanced magnetic 
fields — a situation that often develops on con- 
ventionally wound motors. Electrically and me- 
chanically balanced, A. O. Smith’s PWS motor is 
quieter, smoother, longer lasting. A. O. Smith 
PWS vertical and horizontal motors are available 
from 15 hp to 150 hp. 

Perhaps you have an application for this type 
motor. Why not let A. O. Smith’s skill and ex- 
perience in this particular field assist you? Write 
today for detailed information. 


A. O. Smith offers a full line of motors—1/3 to 800 hp 





= 


ACROSS-THE-LINE TORQUE 


A. O. SMITH PWS MOTOR TORQUE 


DANGER 


Through research ...a@ better way 


ELECTRIC MOTORS 
531 N. Fourth St. 
Tipp City, Ohio 


A. 0. Smith INTERNATIONAL S.A. — Milwaukee 1, Wisconsin, U. $. A, 
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Controls by ALLEN-BRADLE Y, of 


Here’s an interesting job that’s gone “‘push button’’—stamping heat 
numbers on hot steel! Now, from a remote console, the operator auto- 
matically sets numbers on the marking head and propels it against the 
steel. The controls, of course, are Allen-Bradley because they provide 
the continuous reliability that is essential to this production. 

The simple, ONE moving part solenoid design of A-B starters and 
relays assures millions of trouble free operations. And the double 
break, silver contacts—used on all A-B control—eliminate costly 
downtime for maintenance. Keep your production lines rolling... 
insist on Allen-Bradley quality motor control. You cannot do better! 


Allen-Bradley Co., 1309 S. First St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 


Member of NEMA 


Quality Motor Control 
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WHO MAKES FINE MOTORS THIS SMALL? 


Globe Industries makes motors this small to make your 
design more compact, reliable and salable. If you make 
miniature instrument packages for space exploration — if 
you build airborne and ground support equipment—if you 
want to design smaller typewriters, computers, recorders 
or other products, look at these 3 motors: 


TYPE VS—The smallest, most powerful precision minia- 
ture d.c. motor for its size. Oniy 7,” flat, four VS motors fit 
in a regular cigarette pack with room to spare. It has the 
power to lit its own weight to the top of the Empire State 
Building in 1 minute! Typical continuous torque—.25 oz. 
in.; typical intermittent torque—.5 oz. ins. We can design 
gear units, governors and brakes to meet MIL specs also. 


GLOBE INDUSTRIES, INC. 


TYPE SS — Only %” in diameter, Type SS d.c. motors 
typically produce continuous duty torques of .3 oz. in.; 
intermittent torques to .6 oz. ins. With the basic Type SS 
motor you can specify any of 21 planetary gear speed re- 
ducers or 28 spur gear speed reducers. Governors and 
brakes are available also. Designed to meet MIL specs. 

TYPE MM — The most widely used precision 1%” d.c. 
motor in the world, MM motors typically produce .5 oz. in. 
in continuous duty applications — 1.0 oz. in. intermittent 
duty. Choose from 101 ratios of planetary gear speed re- 
ductions. Brakes, governors and clutches can be included. 
MIL specs are invited. 

For details about these motors request Bulletin VSM. 
Globe Industries, Inc., 1784 Stanley Ave., Dayton 4, Ohio. 


GLOBE 


PRECISION MINIATURE A.C, @ D.C. MOTORS. ACTUATORS 
TIMERS GYROS. STEPPERS BLOWERS MOTORIZED DEVICES 
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An Advertising Manager Asks Some Questions About 


Fansteel Developments 


++. and uncovers additional facts about new developments of interest to 
engineers concerned with product reliability. Joseph V. Di Masi, Fansteel 
Advertising Manager, turned reporter and here’s what he found out from 
his company’s Rectifier-Capacitor Division. 


What do you feel was the 
most important Fansteel 
development in 1959? 


The GOLD-CAP Tantalum Capacitor, beyond a 
doubt! Certified pre-testing of every single GOLD- 
CAP is a new concept that has set a pattern in the 
industry and has satisfied the increasing reliability 
demands of both military and civilian applications 
But it’s only one step in our program to achieve 
the ultimate in reliability for all Fansteel products 


What are the reports from 
the field on our GOLD-CAP? 


All good! I think we've proved that engineers 
require the kind of reliability we're offering in the 
GOLD-CAP Capacitor for two good reasons. They 
want to be sure of getting 100 good, reliable capaci- 
tors out of every 100 they buy—we furnish complete 
test results—and, doubly important, they urgently 
need a product like the GOLD-CAP as a basis to 
achieve the overall reliability they're trying to build 
into their products. 


Glen Ramsey, Vice President Fansteel Metallurgical Corporation 
and General Manager of the Rectifier-Capacitor Division 


What about 
our new 
silicon controlled rectifier? 


I'll tell you this... it’s going to embody a brand 
new concept in rectifier encapsulation. It will be 
something different—something better than any con- 
trolled rectifier the industry has ever seen. Research 
and development is completed... laboratory and 
field testing is over, and we now know that this 
rectifier will perform even better than expected 

and full production will be under way early in 1960. 


Paul Weirich 
Assistant General Manager 


ie 
s RELIABILITY 2 


eee eee” 
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That Made News In 1959 


Howard Brauer Paul Weitrich 


Manager, Quality Control 


Glen Ramsey James H. Hall 


Staff Engineer 


When will our new 
silicon rectifier plant 
be in production? 


Are we expanding 
to keep up with solid 


By next month, the new plant will be supplementing 
our current silicon rectifier output by an additional 
60,000 units per day. This will include our com- 
plete line of new industrial power rectifiers and the 
brand new silicon controlled rectifiers. The new facil- 
ities will also be used for producing our automotive 
silicon rectifier which, as you know, was featured in 
the November 15th issue of AUTOMOTIVE IN- 
DUSTRIES and the August issue of INDUSTRIAL 
LABORATORIES among other publications. 


tantalum capacitor demands? 


Yes, we have recently completed the second phase 
of our S-T-A expansion program and the third phase 
is well under way. We are now able to deliver 
normal requirements from stock. Our current expan- 
sion program anticipates production requirements in 
1960 approaching existing wet capacitor produc- 
tion. I might also mention in connection with our 
S-T-A, that we are actively participating in the micro- 
modular program. 


What steps were taken to further improve product reliability? 


Enlargement, consolidation and, in general, improve- We believe that the only purpose of quality control is 
ment of our quality control program was the latest move to assure the reliability that is engineered and designed 

another complete step in our long-range reliability into the product. Following this belief has always kept 
plan. You know, quality control doesn’t just meet reli- us years ahead of industry’s reliability needs—and we 
ability requirements, .. it leads. intend keeping that lead. 


FANSTEEL METALLURGICAL CORPORATION ooo rt. 


NORTH CHICAGO, ILLINOIS, U.S.A. ‘ RELIABILITY 
~ 


eee 


~~ 
a 
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TANTALUM... 


There have been few developments in the past 
century that have been of more benefit to science 
and industry than the discovery by Fansteel of a 
method for producing tantalum commercially. 
Onr scientists have continued through the years 
to work on ways to improve tantalum and ways to 
use it. The development of the tantalum capacitor 
is one of the most important “firsts” at Fanste 
Contributing greatly to the age of miniaturization 
in electronics, the tantalum capacitor is character- 
ized by long life, stability and highest reliability. 
In 37 years of tantalum leadership—through 
research, development, production and applica- 
tion—we have constantly learned more and more 
about tantalum. Fansteel experience with tan- 
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talum and tantalum capacitors adds the extra 
ingredient to Fansteel Capacitor Grade Tanta- 
lum. This experience can’t be found in technical 
literature. And it can’t be bought. But we have 
it, and it is available to you. 

There is no short cut to perfection in anything, 
certainly not in a metal like tantalum. It has 
taken Fansteel a long time to reach its posi- 
tion of leadership, and we feel that there is still 
some distance to travel. But we have gone far 
enough to assure continued supply of Capacitor 
Grade Tantalum in quantity, and continued 
improvement in quality. Fansteel Metallurgical 
Corporation, Rectifier-Capacitor Division, North 
Chicago, Illinois. 


CAPACITOR GRADE 


TANTALUM 
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now 9 sTaNDaRD TYPE 
TIME DELAY 
TIMERS 


IN AN EXTENDED RANGE OF TIME CYCLES 


1/60th of a second to 24 hours 


For bigger savings in OEM design and installation now, choose a Series 90 

standard time delay timer from Industrial Timer’s expanding line to Back-mounted, for applica- 
. P $ 2 tions where time cycle is 

satisfy almost every mounting requirement... back, side, flush, through- infrequently changed or per- 

: ; z a manently fixed (¥2 sec. to 5 

the-panel, totally enclosed or explosion proof. Industrial Timer’s bigger- min.) 

than-ever selection gives you greater design latitude in both function 

and appearance...eliminates the need for costly custom-made controls 


in your specifications. 


All 9 types have these special features: 


1. Actuated by momentary or sustained pulse 

2. Automatic reset 

3. Heavy duty load switches rated at 10 and 15 amps 
4. Easy, positive adjustment of time cycles 


By specifying Industrial Timer you are assured of accurate and depend- 
able controls for applications requiring a specific time delay between —. 
circuit operations. Full details in Bulletins 300, 800 and 900. Series SF 


Back-mounted (1/10 sec. to 
5 min.) 


Series TDAB Series TH Series TDXP 


Flush-, back-mounted or to- Back or bottom-mounted. Bottom or back-mounted. 

tally enclosed (1/60 sec. to Thermal time delay switch. Explosion proof. External ad- 

3 hrs.) (15 sec. to 2 min.) = (1/60 sec. to 3 
rs. 


sist igs <1) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1407 McCARTER HIGHWAY, NEWARK 4, N. J. 


Industrial Timer’s complete line also includes: Interval Timers, Running Time Meters, Cam Timers, 
Explosion Proof Timers, and Programmers, Our 40-page catalog describing these is available on request. 
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Exposure to All-Weather Conditions. |f your equipment is the kind 
that’s going to be subjected to the elements—rain, snow, moisture 
then the Killork line is designed for you. The all-aluminum construction is 
100% rust-proof. This virtually eliminates the frequent repairs and 
replocements from this couse. 


Lightweight Electrical Systems. Portability may be your key con- 
cern—in which cose weight is an important consideration. Consider 
the portable aluminum drill rig shown here, for example. Killark 
fittings and fixtures supply all the lighting and conduit fittings but add 
little to the equipment's total weight. 


Hazardous Areas. Non-sporking aluminum is the safe answer for 
equipment that's likely to be exposed to hazardous conditions, as is the 
case in this paint plant where all-cluminum Killark explosion-proof motor 


starters are installed near the batch mixers. 


High Humidity. The frequent freeze-thaw cycling encountered in re- 
frigeration (as in the freezer-case displayed here) means heavy con- 
densation. Even though unexposed to the viewer, fittings in such installa- 
tions are constantly exposed to rust-damage. Install Killark all-aluminum 
fittings and forget rust—and the costly breakdowns and replacements 


thot inevitably follow. 


All-Aluminum 


e e * * e 

in your original equipment design 
Killark also offers the most complete line of all-aluminum fittings in America. 

It will pay you to look into the many design advantages they can offer you. 


KILLARK REPRESENTATIVES 


Atlanta, Ga Cincinnati, Ohio Kansas City, Mo Omaha, Neb San Francisco, Calif 
Baltimore, Md “Cleveland, Ohio Los Angeles, Calif Philadelphia, Pa Seattle, Wash 
*Boston, Mass Dallas, Tex Milwaukee, Wisc Phoenix, Ariz Honolulu, Hawaii 
Buffalo, N. Y Denver, Colo Minneapolis, Minn “Pittsburgh, Pa 

Chicago, Ill Detroit, Mich New York City, N.Y Richmond, Va 


Sales Offices and Warehouse Stocks throughout Canada *Warehouse Stocks 


ELECTRIC MANUFACTURING COMPANY 


Vandeventer and Easton Aves. St. Louis 13, Missouri 





Memo from VALUE ANALYSIS: 


1 Electrical Paper 


Use "SCOTCH" Brand No. 


Tape for this m 


cost 1¢; coil must las 


Annual insulatio 


than 1/10. 


Tape passes 411 


corrosion tests: 


““Scotcu” BRanp Paper Tapes—like all “Scorcn” 
Branp Electrical Tapes—are specially formu- 
lated for consistently high, electrical grade 
quality. It’s quality you can depend on... 
roll after roll. 


All “Scorcn” Branp Paper Electrical Tapes have 
“quick stick” adhesives for time-saving, neat, 
positive placement for assembly line methods. 
The thermosetting paper tapes have strong hold- 
ing power initially; when cured, holding power 
is almost doubled. Thermosetting also gives max- 
imum resistance to solvents and softening under 


high heat. 


otor coil. 


+ 10 years' 


Initial 


minimum. 


n cost is less 


“Scotcn” Paper Electrical Tapes are used for 
the construction of coils, transformers, and mo- 
tors; for both holding and insulating. They are 
compatible with most varnishes; do not become 
brittle under normal temperature operations. 
Both flat and creped backings. 


3M’s nationwide sales and technical services — 
backed by the tape industry’s largest research 
facilities—are available to advise and assist 
you in utilizing “Scotcn” Branp Electrical 
Tapes to improve your products or cut your 
production costs. Write on your letterhead for 
complete information. 


FREE DESCRIPTIVE FOLDER covers electrical qualities and thermosetting character- 
istics of ‘‘Scotcn” Branp Paper Electrical Tapes. The 3M Company also manufactures 
“Scotcucast’’ Branp Casting and Dipping Resins. Write for descriptive booklet. Address: 
3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. EAP-129. 


REG. U.S. PAT. OFF 
* ~ 
ectrical Tapes — 
**SCOTCH*’ AND **SCOTCHCAST’* ARE REGISTERED TRADEMARKS OF 3M CO., ST. PAUL 6, MINN. EXPORT: 99 PARK AVE., NEW YORK 16. CANADA: LONDON, ONTARIO 


Minnesota Jfinine ann ]/fanuracturine company 
+++ WHERE RESEARCH IS THE KEY TO TOMORROW 
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TO THE ENGINEER 


looking for an airtight case 


Need relays or stepping switches that will 
stay fresh as daisies—even in environments 
of high humidity, gritty dust, or extremes of 
temperature or pressure? You can get them, 
securely housed in ideal atmospneres of their 
own. 


AE makes an airtight case out of every job by 
completely evacuating the prewired assembly, 
replacing the air with a dry, inert gas to a 
pressure of at least one atmosphere, and tightly 
sealing the housing. Then we test it, and if there’s 
a single, tiny leak — enough to pass 1 cc of air in 
30 years—we reject the assembly! Here’s real 
protection from adverse environmental conditions 
(from tampering, too). 


Ask for AE’s Catalog 4083 on Hermetically 
Sealed Enclosures. It shows the wide variety 
of housing sizes and shapes available—with 
hook terminals, socket or cable plug-ins, or 
special printed-circuit connectors. Into these 
housings AE will put relays and switches 
assembled and wired to your specifications— 
or we will design and deliver complete con- 
trol packages or systems. Chances are we 
can do the job at less cost, too. 


If you have a sticky control problem, just 
write the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) 
Ltd., 185 Bartley Drive, Toronto 16, Ontario. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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Engineered by Tinnerman... 


Savings pyramided 68% by a 
switch to TINNERMAN SPEED NUTS*® 


First, the saving in material on the General Electric 
Dishwasher ...a Tinnerman SPEED Nut brand 
fastener is formed right in a channel stamped from 
high-carbon spring steel. This replaces a costly 
solid steel bar formerly used to mount the pull-out 
basket rollers. 


Next, the Tinnerman SPEED Nut impressions 
are stamped right in the channel; expensive boring 
and tapping of the bar stock are eliminated. 

Third, sheet metal screws hold tight ini the 
SPEED Nut, and are easier to start and drive than 
the machine screws formerly used. 

General Electric’s dishwasher production goes 
faster and assembly costs are reduced by the easy- 
to-apply feature of the simplified SpeEp Nut part. 
The difference in weight even makes an important 
reduction in freight costs on each carload ship- 
ment of dishwashers. 

What Tinnerman SPEED Nuts accomplished for 
General Electric can probably be done for you. 


A call to your Tinnerman Sales Representative 
will be the start. He’s in the Yellow Pages under 
“Fasteners”. 


Or write to: 


TINN ERMAN PRODUCTS, Inc. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds $.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane-Bundy Gmbll, Heidelberg, 
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REPUBLIC 
WYHALMb 


SILICON 
aa RS 


Positive control of electrical-product performance de- 
pends upon positive control in the production of silicon 
steel. Check these important reasons why Republic Sili- 
con Steels, in continuous coils and cut lengths, provide 
maximum predictability: 


Annealing is continuous, with heat radiation uniformly 
reaching every square inch of the steel. Continuous heat 
treatment improves both magnetic and mechanical prop- 
erties. Slitting occurs before final annealing, for maximum 
magnetic properties free from cold work. 


Investigate the advantages that Republic Silicon Steels : Pe 
- : a TESTING is conducted before, during, and after proc- 
can bring you. For further information, contact your near- essing of Republic Silicon Steels. Beginning in the 
est Republic office, or write Republic Steel Corporation, open hearth, each heat must meet standard pre-deter- 
Department EM-7915, 1441 Republic Building, Cleve- mined specifications. Testing, at each critical stage of 
production, provides positive assurance that these 
land 1, Ohio. specifications will be maintained. 


REPUBLIC STEEL (| pie) 
Werles Wider Rewige of, Stanalard, Shels aud, Stiol, Prodi 
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WESTINGHOUSE SILICON POWER TRANSISTORS 


2N1015 
2N1016 


| 


aan 


150 TAA rrr 


a eel 


Cony CU RVE 


Vee VOLTS 


E VOLTAGE RATINGS 


Guaranteed by 100% power testing 


This Power-voltage Test consists of testing the transistor 
in common emitter configuration under all bias conditions 
in the area defined by the TRUE voltage rating of the 


transistor (Vcr); the constant power dissipation curve 
for the transistor (150 watts); and its rated current (2 
amps for 2N1015 and 5 amps for 2N1016). 


The voltage at which alpha equals one, and other voltage 
ratings commonly given for transistors such as Vcrs, 
Vcrer, Vcex and Vecgo, are above the voltage rating given 
to these transistors. 


Each Westinghouse silicon power transistor has been com- 
pletely tested throughout its rated voltage-power-current 
region before shipping. Thousands of transistors perform- 
ing under all types of operating conditions have proved the 
validity of this method of TRUE voltage rating. 


TRUE voltage ratings from 30 to 200 volts give you com- 
plete freedom in designing your equipment—you can op- 


erate Westinghouse silicon power transistors at the manu- 
facturer’s ratings without risking transistor failure. This 
TRUE voltage rating of Westinghouse silicon power tran- 
sistors coupled with their still unequaled low saturation 
resistance and low thermal drop makes them an ideal first 
choice for military, industrial and commercial applications. 


[om Por] tom [econ fevoo [namin 


2N1015 

2NI1015A 
2N1015B 
2N1015C 
2N1015D 


2N1016 

2NI1016A 

2N1016B @ lem 5 amp 
2N1016C le=750 ma 
2N10160 


*TRUE voltage rating (The transistors can be operated continuously at the VcE listed for 
each rating.) 


you CAN BE SURE...1F 7 Westinghouse 


Westinghouse Electric Corporation, Semiconductor Department, Youngwood, Pa. 
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Component Specification: ARNOLD 


Aluminum and Plastic Cased 


Types C,EandO 


Stainless Steel and Ceramic 


The ARNOLD LINE-UP includes ANY TAPE CORES you need 


APPLICATIONS 


We'll welcome your inquiries on your Tape 
Wound Core requirements for Pulse and 
Power Transformers, 3-Phase Transformers, 
Magnetic Amplifiers, Current Transformers, 
Wide-Band Transformers, Non-Linear Retard 
Coils, Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Elements, 
Harmonic Generators, etc. 


ENGINEERING DATA 


For data on the various types of Arnold Tape 
Cores, write for these Bulletins: 


$C-107A—Silectron Cores, Types C, E 
ond O 
TC- 101 A—Toroidal Cores, of Supermalloy, 


Deltamax and 4-79 Mo-Per- 
malloy 


TC-108A—Bobbin Cores 
'C-113A&—Supermendur Tape Cores 


ADDRESS DEPT. EM-912 


Arnold produces Silectron C, E and O cores, aluminum and plastic cased 
toroidal cores of high-permeability materials, and bobbin-wound cores to 
meet whatever your designs may require in tape thickness, material, core 
size or weight. 

Asa fully integrated producer, Arnold controls every manufacturing step 
from the raw material to the finished core . . . and modern testing equip- 
ment permits 100% inspection of cores before shipment. 

Wide selections of cores are carried in stock as standard items for quick 
delivery; both for engineering prototypes to reduce the need for special 
designs, and for production-quantity shipments to meet your immedi- 
ate requirements. 


© Let us help you solve your tape core problems. Check Arnold, too, for your 
needs in Mo-Permalloy or iron powder cores, and for cast or sintered per- 
manent magnets made from Alnico or other materials. Just write or call 
The Arnold Engineering Company, Main Offices, Marengo, Illinois. 


& ARNOLD — 


SPECIALISTS in MAGNETIC MATERIALS 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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LAL (DLT 


SWITCHES « INDICATOR LIGHTS ¢ SPECIAL ASSEMBLIES 


THUMB-OPERATED 


A NON-SNAP SWITCH 
FOR “KEYBOARDS” 


Developed specifically for the key- 
boards of electronic computers, cal- 
culators, and other business ma- 
chines, the Hetherington B5023 
gives the smooth, yet precise action 
necessary for fast manipulation. 
Operating pressure is a scant % 
pound — just enough to retain the 
familiar keyboard “feel.” 


The versatile 2-circuit, momen- 
tary-contact circuitry of the B5023 
can also be used as SPST or SPDT. 
Recent tests have shown a life of 
better than 1.7 million operations at 
5 amps., 30 volts de. This is far 
greater than the conservative rating 
you'll find in Bulletin S-6 if you 
write for it. 

Circle 135 on page 17 


“TOGGLE” 


CONTROLS 4 SEPARATE 


SWITCHES 


A familiar sight to helicopter 
pilots is this versatile Hethering- 
ton Type F441 Four-Way Switch. 
Here it is housed, along with other 
Hetherington Switches, in a hand- 
grip which fastens to the flight 
control stick. Moving the Switch’s 
thumb-type knob up or down, 
right or left, operates control 
motors for hoists or lateral trim. 


Housed in the 1-1/64” by 7/8” 
phenolic case of the F441 are 4 
separate momentary-contact 
switches arranged 90 degrees 
apart around the base of a thumb- 
controlled toggle lever. Normally, 
all switches are “open” and the 
toggle is centered. 


Usually the switch is mounted 
so that the lever projects through 


i wae se 
oN NZ 


a cloverleaf gate that restricts op- 
eration to one switch at a time. 
Without the gate however, any 
two adjacent switches may be 
closed simultaneously. The tog- 
gle may also be held outward and 
moved in an arc to actuate all 4 
switches in succession. 


Admittedly, the F441 Switch is 
rather specialized. However, it 
offers industrial users interesting 
opportunities to simplify equip- 
ment design and operation — by 
saving space, by “foolproofing” 
critical circuits, or by making 
operations easier to understand. 


No bulletin is available on this 
switch as yet, but ratings and a 
dimension drawing will be sent 
on request. Ask about the F441. 
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= New SWITCHLITES® 


\for “Human-Engineered” Panels 


Wherever switches and indicator 
lights are used on the same panel, 
Hetherington Switchlites can play a 
major part in improving panel legi- 
bility and operating convenience. 
For the pushbuttons of these com- 
pact snap-action switches contain 
their own built-in indicator lights 
for easy, direct association of switch 
and light functions. Moreover, they 
save greatly on panel space, wiring, 
installation and removal time. 


So many different Hetherington 
Switchlites are now available that 


HETHERINGTON 


better switch 


DECEMBER 1959 


engineering for 


only a few of their many features 


can be mentioned here: 


Switch Circuits: SPST, SPDT, DPST, DPDT, 
or 2-circuit. Up to 15 amps @ 28 v. de. 
Snap-Action: Push, momentary ; Pull, momen- 
tary; Push-Pull, maintained; Push-Push, 
maintained ; Push-Pull, maintained with aux- 
iliary momentary on “push.” 

Lamp Circuit: Case ground or separate gnd. 
terminal. ‘Hot’ lead to separate terminal, 


thru main sw. contacts, or thru separate 


built-in sw. circuit. 6, 14, 18, 28 volt AN3140- 
type lamps. 


Pushbutton Lenses: 10 styles, each in 10 trans- 

parent or translucent colors. Lettering may 

be engraved on all. 

New Bulletin S-7 gives complete de- 

tails on all Hetherington Switchlites, 
Circle 137 on page 17 


Now! at LEADING 


PARTS DISTRIBUTORS 


Need Hetherington products 
for prototypes, breadboard 
models, special projects 
small production runs? Most 
popular Hetherington items 
are available at your local 
electronic parts distributors 
everywhere. 

For the name of your near- 
est parts distributor and bulle- 
tins of the Hetherington 
Switches, Indicator lights, and 
Switchlites he carries, write 
directly to: DISTRIBU- 


TOR’S DIVISION, 
HETHERINGTON INC., 
26 Rittenhouse Place, 
Ardmore, Pa. 


§NC. DELMAR DRIVE, FOLCROFT, PA. e 139 Illinois St., El Segundo, Calif. 


pushbutton -world 


A Controls Company of America Subsidiary 
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How| B&W JOB-MATCHED TUBING 


provides ease of fabrication and freedom of design 


With low-cost B&W Welded Carbon Steel Mechan- These are just a few of the reasons it pays to 
ical Tubing you will have specify B&W Job-Matched Welded Carbon Steel 
.-- Ease of fabrication—provided through uni- Mechanical Tubing for your applications. 
formity of properties and tolerances and Call the tubing specialist at your local B&W District 
complete quality control including ultra- Sales Office, or write for Bulletin TB-419 for full 
Some smepection. information. The Babcock & Wilcox Company, 
..- Freedom of design—provided through range Tubular Products Division, Beaver Falls, Penn- 


of sizes, types of finishes, grades of steel. sylvania. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 


TA-9013-WM2 
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COLLECTOR TERMINAL 
ANCHORED TO CERAMIC BASE 


EXCLUSIVE METAL-CERAMIC 
ELEMENT FIRED 
TO CERAMIC BASE 


END TERMINALS 
BONDED TO RESISTANCE 
ELEMENT AND CERAMIC 


SILICONE FIBER 
GLASS ROTOR 


METAL ALLOY 
MAINTAINS PRESSURE 
ABOVE 175°C 


SINGLE PIECE 
CERAMIC BASE 


AND ELEMENT 
4 DBT Nei. 


SPECIAL GRAPHITE 
CONTACT SHOE 


Newly developed 500°C Metal- 
Ceramic Resistance Element is 
separately available for other 
applications than variable re- 
sistors. Because the elementis 
very stable to 500°C, it is ex- 
tremely reliable at the elevated 
temperatures currently de- 
manded and anticipated in 
military requirements. Ceramic 
bases can be made in a wide 
variety of shapes and sizes; the 
metal resistance film can be 
made to cover an entire sur- 
face or an accurately defined 
pattern. Consult CTS engineers 
on your requirements. 


Burton Browne ADVERTISING 


Mee 


Co Tad PALTAD 


RELIABILITY 
STABILITY 
TEMPERATURE 


CeraTrolS’ rugged, hard-surfaced 
metal-ceramic element, having been 
fired at temperatures exceeding 600°C, 
meets temperatures up to 500°C with 
high safety factors at ratings listed 
below. 


Miniature 


Cera Ror 


with new metal-ceramic element 


New Series 600 Characteristics: 

e Infinite resolution. 

e 100 ohms thru 5 meghoms (linear taper) resistance 
range. 


e ¥" diameter; interchangeable with Style RV6 
MIL-R-94B. 


© Power ratings: % watt @ 85°C, 4 watt @ 125°C, zero 
load @ 175°C 


COMPARATIVE TEST DATA: No carbonaceous variable resistors (either film or 
equal Series 600 performance. Ideal for critical applications nee high 


liability. Far exceeds MIL-R-94B, 


eo 3 o 


Load life 1000 hrs 
__2 watt @ 125°C, 350 V max. 
% watt @ 85°C 


Thermal ae 
(1000 hrs. 


2 175°C no load) 


Temperature x eff.+ 
(Room to —63°C; room to +175°C) 


25K and over 
under 25K 


Moisture Resistance 


Low Temp. Storage 
Low Temp. Operation 
Thermal Cycling 


Voltage Co-efficient 


Rotational Life 


Acceleration 
High Freq. Vibration 
Shock 


MIL-R-94B 
(Style RV6 Series 600 Series 600 
Char. Y) CTS Maximum meee Stell 


Requirement 


+10% @70° +7% @125°C +4% @ 125°C 


No test in 
MIL-R-94B +5% +3% 
No test in 
MIL-R-94B 
+250 PPM/°C +150 PPM/°C 
+500 PPM;°C +300 PPM/°C 
+ 6% avg. + 2% avg. +1.3% 
+10% max. + 4% max. 
+2% + +.5% 
+3% + +1% 
+6% + 2% 


No test in +.01%ysvolt + OO5%svoit 
MIL-R-94B 


+ 10% +10% +7.5% 
after 
25,000 cycles) 


+3% +2% +1% 
_t2% +2% +1% 
+ 2% +2% +1% 


* Lower temperature coefficient can be developed for specific applications. 


Note Exceptional Stability. Note extent that MIL-R-94B is exceeded, 


Complete Series 600 CeraTrolS electrical and mechanical specs and dimensional draw- 


ings will be sent upon request. 


CTS manufactures a complete line of composition and wirewound variable resistors for 
military, industrial and commercial applications. CTS specialists are willing to heip solve 
your variable resistor problems. Contact your nearest CTS office today. 


Factories in Elkhart & Berne, Indiana, South Pasadena, California, Asheville, No. Carolina and 
Streetsville, Ontario. Sales Offices and Representatives conveniently located throughout the world. 





Metallurgical Memo from General Electric 


How to tame a 


Magnetic Materials Section reports on G-E thermistors 
. .. and how they may help you solve your 
temperature compensation problems 


General Electric thermistors reduce their resistance sub- 
stantially upon slight increases in temperature, making 
them especially suitable for temperature compensation 
of transistor circuits. Frequently, a thermistor or therm- 
istor network is used in place of a base biasing resistor. 
Thermistors restrain transistors from running away at 
high temperatures, and often result in further economies. 


For example, replacing an expensive uncompensated 
silicon transistor with a low-cost germanium transistor 
compensated with a thermistor permits savings of 80 
per cent and more! Also, high-priced, low-temperature- 
coefficient resistors and capacitors may be replaced 
with inexpensive, high-temperature-coefficient units— 


“hot” transistor 


resulting in additional cost reductions. What’s more, a 
higher gain in the circuit for given temperature varia- 
tions may be achieved. 


Because they are small and contain no moving parts, 
G-E thermistors are ideal for other temperature com- 
pensation applications, such as copper, magnetic ampli- 
fiers, and diodes. Other uses for thermistors include 
temperature measurement, time delay devices, voltage 
regulators, and current inrush suppressors. 


Through new production facilities, General Electric can 
now design and manufacture thermistors to your 
specifications. For resistance values from 1 to 10,000,000 
ohms, and with temperature coefficients of resistance 
from —1% to —5% at 25°C., there is a G-E thermistor 
for you. For further information, write: Magnetic 
Materials Section, 7804 N. Neff Street, Edmore Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOYe® CEMENTED CARBIDES «© MAN-MADE DIAMONDS «© MAGNETIC MATERIALS © THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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MOTORS 


1/200 thru 1 horsepower 
(other ratings up to 200 h.p.) 


1. Easy access terminal box 


2. DuPont Mylar 
cell insulation 


slot 


3. Lightweight, die-cast 
aluminum end heads 


. Dependable, silent 
centrifugal switch 


. Precision die-cast 
aluminum rotor 


. Choice of sleeve or 
fully sealed ball bearings 


. Precision machined 
rigid steel shell 


. Choice of rigid, 
resilient or face mountings 


R & M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


RoBBINS & MYERS “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
petitive advantage so far as power is concerned. Each 
design detail results in superior performance and long 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper. 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
quality control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs. 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements. 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450 EM 


*DuPont registered trademark 
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ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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Motors Thrive on 


FREQUENT OVERLOAD ABUSE! 


Brunswick D-31 Precision Bowling Lane Sanders 
Powered by Lightweight R.zM 8HP Single Phase Motors 


The Brunswick-Balke-Collender 
Company recently handed RosBins & 
MYERS an unusual motor problem 
when it re-powered the Brunswick 
D-31 precision bowling lane sander. 
The D-31 cuts across 250 square inches 
of area in one continuous cutting oper- 
ation. Motor must withstand frequent 
and severe overloads when the machine 
levels high spots in the alley bed. Power 
had to be single-phase, too, because 
many bowling establishments carry only 
single phase current! To keep sander 
truly portable and easily maneuver- 
able . . . and to protect lanes from 
excess weight, motor had to be lighter 


than ordinary single-phase motors. 

Ropsins & Myers custom-designed 
an 8 HP capacitor-start, capacitor-run 
motor that is daily proving its stamina 
against these rugged requirements. 
Should more power be needed, design 
includes provision for adding an aux- 
iliary blower which can conveniently 
increase capacity to 10 HP. Weight 
was kept down by using special alum- 
inum end heads. For easier mainte- 
nance, the extended end-head housing 
can be removed quickly and easily to 
expose condensers and centrifugal 
switch. 

Many other features insure longer 


life for every R&M motor: double 
width bearings that have extra-large 
grease capacity . . . Mylar* insulation 
with 8 times the dielectric strength and 
35 times more moisture resistance than 
ordinary paper insulation . . . remov- 
able caps for quick bearing inspection 
and relubrication . . . end heads that 
give full-height protection . . . dual- 
sweep ventilation for efficient cooling. 
For motors to meet unusual chal- 
lenges . . . and for standard motors, 
always contact ROBBINS & Myers! 
Write today for Bulletin 470-EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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MOTORS 1 thru 200 HP 


(other ratings 1/200 to 1 horsepower ) 


Open Protected Motors (left), up to 200 
HP, are suitable for many applications 
formerly requiring totally enclosed con- 
struction. 


Totally Enclosed Motors (right), “% to 
200 HP, are fan-cooled . . . offer com- 
plete protection against all harmful 
atmospheres. 


“PM” Single Phase Motors (left), rat- 
ings through 20 HP, eliminate mainte- 
nance because they are fully weatherized 
for severe duty. 


Explosion-Proof Motors (right), ratings 
through 200 HP, are Underwriters’ Ap- 
proved for Class I, Group D, and Class 
II, Groups F & G. 
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SHORT SOLDER 
LUG TERMINALS 
—SPDT 


SCREW TERMINALS— 
SPOT 


EXTRA LONG LIFE— 
SPOT 


SCREW TERMINALS—SPST—NC 


SOLDER LUG 
| a syptancnme tat ath al 


QUICK CONNECT 
TERMINALS—SPDT 


HIGH TEMPERATURE 
(600°F)—SPDT 


SCREW TERMINALS—SPST—NO 


Series “V3’’ miniature switches feature 


high capacity, long life, wide variety 


LEAF ACTUATOR ROLLER LEAF ACTUATOR 


LONG LEAF 
arene LOW FORCE LEVER 


ACTUATOR 


ONE-WAY ROLLER 
LEAF ACTUATOR 


LOW FORCE ROLLER 
ACTUATOR 


FLAT BOSSES ON EACH SWITCH 
CASE PERMIT GANG MOUNTING 
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Series ‘‘V3”’ precision snap-acting basic switches 
are no larger than postage stamps; yet, they 
handle a \4-hp electrical load with ease. “‘V3” 
units are available with a wide variety of termi- 
nal types plus a useful assortment of auxiliary 
actuators (shown at left). Large screw or solder 
lug terminals permit easy, rugged wiring con- 
nections. Quick-connect terminal types speed 
installation. Long-life types provide a median 
mechanical life of 10,000,000 operations. A spe- 
cial design with synthetic mica case withstands 
radiation and 600° F. 


Underwriters’ Laboratories listing: 10 amps, 125, 
250 vac; 14 amp, 125 vdc; 4 amp, 250 vde; 4% 
hp, 125 vac. Standard “‘V3” switches conform 
to MIL-S-6743. 


Write for Catalog 63. 


MICRO SWITCH...FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


HH Honeywell 


MICRO SWITCH Precision Switches 
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Since the firsts TEENUT was developed by Carr 
Fastener in 1927, more than 600 different modifications 
of this extremely versatile device have been designed 
and manufactured in true, mass-production quantities. 

»By. combining nut and washer in one solid unit, the 
DOT TEENUT offers exceptional strength and security 
and eliminates the need for tapping. Its flanged base 
can be formed with welding bosses for attachment to 
sheet or solid metal structures . . . with prongs for 
wood ... or with any number of different special bases 
for particular applications. DOT TEENUTS can be 
made in heat and corrosion-resistant materials and they 
can be provided with moisture-seals and vibration-proof, 


ER 


VARIATIONS 


self-locking barrels. 

Once mounted, the DOT TEENUT stays put and 
can’t be lost or mislaid . . . an advantage at any time 
and a necessity where blind fastening is required. 

Wide experience in the proper application of DOT 
TEENUTS and a muttitude-of other special-purpose 
fasteners enables your DOT field representative to pro- 
vide prompt and effective solutions to a tremendous 
variety of fastening problems. Where special design 
work is needed, he can bring you the services of a 
design-engineering group unequalled in its field. 

The DOT TEENUT catalog is an invaluable refer- 
ence ... yours on request. 


S CARR FASTENER COMPANY 


Division of UNITED-CARR Fastener Corp., Cambridge 42, Mass. 


~~ Offices In: 
cr 


“a 
4 
ST EN Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse 
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Dings Lifting Magnet 

100% productive use of coil space for a more 
powerful, lighter weight magnet, designed 
with Reynolds Anodized Strip Conductor. 


A. O. Smith AC-DC Convertor 

More performance packed into a smaller 
housing—Reynolds Anodized Strip Conductor 
eliminates bulky insulation. 

Good production savings. 


Sparton Automotive Horn 

Reynolds Interleaved Strip Conductor 
eliminated eleven parts, provides improved 
performance, productionefficiencies. 


Controlarc DC Arc Welder 

A lighter weight, more rugged unit capable 
of withstanding severe overloads ,4hanks to 
Reynolds Anodized-Strip Condgetor. 


SOME LEADING MANUFACTURERS 
AND THEIR APPLICATIONS OF 
REYNOLDS ALUMINUM STRIP CONDUCTOR 

Caledonia-Transformer 
1955 —_ Electronic Transformer, Interleaved Sheet 


Dings Magnetic Separator 
1956 —_ Lift Magnets, Anodized Strip 


Vickers Electric 
1956 Transformer Welder, Anodized Strip 


Harnischfeger 
1957 — Clutch Coils, Anodized Strip 


Lincoln Electric 
1957 ~— Arc Welders, Interleaved Sheet 


Jefferson Electric 
1958  Dry-type Transformers, Anodized Strip 


General Electric 

1958 Control Coils, Interleaved Foil 
Calidyne 

1958 Shaker Coils, Anodized Strip 


Deico Remy 
1958 = Alternator Field Coils, Interleaved Foil 


A. 0. Smith 
1959 Arc Welders, Anodized Strip 


Cutler Hammer 
1959 —_ Lift Magnets, Anodized Strip 


Westinghouse 
1959 Specialty Dry-type Transformers, 
Interleaved Sheet 


Sparton Automotive 
1959 Horn Coils, Interleaved Foil 
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ALUMINUM 
CONDUCTOR 


DECEMBER 1959 


Reynolds 1955 development 
continues to find new uses in improving products 
and reducing costs in the electrical industry 


Four years of progress is paying important user dividends 


Introduced in 1955, Reynolds Aluminum 
Strip Conductor—anodized and interleaved 
—was hailed immediately as an excellent 
new way to solve numerous production prob- 
lems and costs associated with conventional 
wire coils. 

A pilot laboratory for winding strip coils 
was established and hundreds of varying 
sizes and types were prepared. During this 
time, Reynolds Product Development De- 
partment worked with many electrical 
equipment manufacturers. This pooling of 
talent helped hasten and expand the practi- 
cal application areas for Reynolds Aluminum 
Strip Conductor. As an example, the Utica 


Koldweld Division of Kelsey-Hayes assisted 
Reynolds in developing new tools and 
methods for the joining of the conductor. 

Year by year, new uses have been found 
for Reynolds Aluminum Strip Conductor in 
a wide variety of electrical equipment. The 
first production use was in 1955 in elec- 
tronic transformers made by the Caledonia 
Transformer Company; the most recent is 
this year’s use in new automotive horns 
made by Sparton Automotive. And over the 
years, Reynolds Aluminum Strip Conductor 
has been used in lift magnets, transformers 
and convertors. Its potential in large and 
small equipment is almost unlimited. 


Winding ease. . . insulation savings . . . improved heat transfer .. . 
reduced layer-to-layer voltages: key benefits offered by this proved product 


Reynolds Aluminum Strip Conductor elim- 
inates bulky insulations. It lessens the 
danger of burnout by offering better heat 
transfer characteristics, reduces layer-to- 
layer voltages, increases coil efficiency. In 
manufacturing, it provides exceptional 
winding ease and simple mechanical joining. 
And with its high conductivity and low 
weight, it saves both space and weight. 
These benefits, and others, add up to a 
better coil, a less expensive coil. 

Reynolds Aluminum Strip Conductor is 
available in two forms: interleaved or ano- 


The Finest Products 
Made with Aluminum 


ECE 


REYNOLDS G23 ALUMINUM 


dized. The interleaved form is furnished by 
Reynolds in coil form and can be wound 
with the customer’s choice of interleaving 
material. Anodized strip is customarily used 
in the heavier gauges in transformers, mag- 
netic clutches and brakes. Whatever the 
choice, you can depend on Reynolds, the 
acknowledged pioneer in the development 
of aluminum strip conductor. 

For more information contact your near- 
est Reynolds Sales Office or write direct 
to Reynolds Metals Company, P.O. Box 
2346-ED, Richmond 18, Virginia. 


WRITE TODAY 


for these booklets on Reynolds Anodized 


and Interleaved Strip Conductor. They 


contain information on actual applications 


joining and winding and a wire 


gauge-strip conductor computation chart. 


Watch Reynolds TV shows—“*ALL STAR GOLF”, “BOURBON STREET BEAT" and “ADVENTURES IN PARADISE" — ABC-TV 
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High-vacuum 
measurement-all types 
—one source 


VTP 6578 IONIZATION GAUGE 
TUBE Especially designed for high ulti- 
mate vacuum applications: 3 filaments for 
long life. Reliable, positive calibration. 
Flanged for use in metal vacuum systems. 


VTP 6343 THERMOCOUPLE GAUGE 
TUBE Fast response: less than 0.1 second! 
Pressure range: 0.1 to 1000 microns. Rugged- 
ized all-metal construction. Useable for 
leak detection on vacuum systems as well 
as absolute pressure measurement. 


VTP TC-43-1 THERMOCOUPLE 
GAUGE CONTROL Dua! meter control. 
Indicating meters for heater current and 
system pressure. Rotary switch permits 
selective measurement of pressure at any 
one of four separate measuring points. 


VTP 7169 IONIZATION GAUGE TUBE 
All glass. Designed for use in glass vacuum 
systems. Electrically identical to VTP 6578. 
Both may be outgassed easily by passing 
heater current through grid structure. 


VTP PG-25 COLD CATHODE DIiS- 
CHARGE TUBE Small, rugged, non- 
burnout, all-metal gauge tube for precise 
measurements and contaminating atmos- 
pheres. Easily dismantled for cleaning. Pos- 
itive and accurate under all conditions. 


VTP PGC-25-01 DUAL RANGE 
PHILIPS GAUGE CONTROL Simple, 
inexpensive and rugged Philips gauge (cold 
cathode) control measures pressures in two 
ranges: (1) from 25 microns to 0.1 micron, 
(2) from 0.11 micron to 0.01 micron. 


VTP 3-147 I\ONIZATION/ 
THERMOCOUPLE GAUGE 
CONTROL 

Dual thermocouple control 
combined with ionization gauge 
control. Automatic lockout protects 
ionization gauge tube. Contact 
meter optional. 
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For your laboratory and production 
use, the world's most complete line 
of vacuum measurement devices is 
available from Vacuum Tube 
Products. 


Backed by over 13 years of research, 
development and production 
experience in the high-vacuum field, 
these precision instruments offer you 
the maximum in accuracy and 
reliability—p/us long operating life! 


Precise, dependable VTP vacuum 
gauge tubes are especially designed 
to give you extra-long life plus 
interchangeability in existing systems. 


For detailed information on VTP’s 
complete line of vacuum gauge tubes 
and controls—or sound solutions to 
your particular vacuum measurement 
problems, write: 


Vacuum Tube Products 
P.O. Box 90427 
International Airport Station 
Los Angeles 45, California 


For export information, write: 
Hughes International 
Culver City, California 


T ® 
P, 


c o 


VACUUM TUBE PRODUCTS 
a division of HUGHES AIRCRAFT COMPANY 


© 1959 HUGHES AIRCRAFT COMPANY 
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because we can’t buy them 


.. IT’S AS SIMPLE We had to build Gold-N-Ring Control Switches to meet our own 
high reliability specifications . . . our reputation was a part of 
AS THAT...AND this important fact. We’re machine tool builders. We can’t 
THEY COST NO afford to be responsible for costly down-time on important 
capital investment equipment due to inferior control switches. 
MORE THAN That’s why we build them like precise machine tools . . . and 
OTHER SWITCHES why it will pay you to check with us. 

A wide range of basic units meets practically every need... 
as well as completely assembled stations in 1 to 4 button sizes 
to meet your electrical specifications. Ask our representative to 
call, or send for Bulletin ECS-56 . . . the complete selection 
and ordering guide. 


ELECTRICAL MANUFACTURING DIVISION 


'y ES Qictionel 


; SOLENOIDS. A full 
A full line, originally de- line of standard and custom 
signed for machine tool units for AC or DC. Push THE NATIONAL 
applications but now used or pull types with capaci- 


wherever the highest reli- ties up to 25 Ibe, Bulletin ACME COMPANY 
ability factors are required, EM-52A. : 
Sulnie Binon 176 E. 13ist STREET 
CLEVELAND 8, OHIO 
55 
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Select from the Line with ADVANCED DESIGN 
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Solid Aluminum, 
Counterbalanced, Radiator 


Slip Spring 


Heavily Rhodium-Plated 
Brush Track r 


Easily Accessible, 
Combination Screw 
and Solder Terminals 


Nylon-Clad Coil Wire 
impregnated In 
Thermosetting 
Varnish 


High Dielectric, 
Clearly Marked 
Terminal Board 


High Dielectric, 
Resin-Impregnated, 
Glass Cloth Insulation 


OHMITE ai 


By combining a fresh approach in design with tradi- 
tional Ohmite quality, *‘v.t.”” variable transformers offer 
convenience features and performance not found else- 
where. They offer top efficiency and high output for 
their size. Through Ohmite’s engineering design, a size- 
able bonus in output is available in the “‘no-overvoltage” 
types where voltages above line voltage are not re- 
quired. These units deliver rated output current at any 
brush setting . . . freedom from wave-form distortion 

. . excellent regulation at any point within the rated 
load .. . unusually long life . . . smooth, maintenance- 
free operation. They are interchangeable with other 
makes. Adjustable shafts permit ready conversion to 


Be Right with 
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Shaft, Adjustable 


Direct Brush to 
Slip-Spring Connection 


Spring-Loaded Brush 


Combination Collector Ring 
and Terminal, Positively 
Keyed to Phenolic Fittings 


Low Loss, 

Grain-Oriented 
Steel Core, Specially 
Heat Treated 


Molded Phenolic 
Core Insulation 


Thick, Solid 
Aluminum Base 


VARIABLE 
TRANSFORMERS 


table or panel mounting. Offered in a diversified choice 
of cased models. 


Moreover, you can get fast delivery from stock on 35 
different models covering ratings up to 10 amps. Or, if 
you desire, select your special requirements from the 
many modifications possible. Among these are special 
windings, custom enclosures ‘including “‘explosion- 
proof”), motor-driven assembiies, auxiliary switches, 
numerous shaft styles, special tandem units, and com- 
bination assemblies with other components. 


On your next order for variable transformers, try the 
line with advanced design—Ohmite. 


Write for Bulletin 151 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 

RHEOSTATS « f STORS +» RELAYS + TAP SWIT 

RF 


TAR 
TANT 
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Proper brush eliminates trouble! 


High speed testing device 
lasts 500% longer with UR ationar brushes 


i Commutator burn-outs slowed 
development of this high speed 
spinner for testing and balanc- 
ing wheels. This was a spe- 
cialized application, says 
“National” Carbon Brush Man, 
John Gibb. He worked with the 

customer to apply a brush grade best suited for 

the job. A more versatile brush was needed to cope 
with widely fluctuating loads. 


? 
JOHN GIBB 


The choice: ‘“‘National” Brush Grade F-72. 
The result: up to 500% longer life. 

It’s never too early to call in your “National” 
Carbon Brush Man. His specialized knowledge — 
and “National” long-term brush development — 
may be just what you need to speed product 
development. 

Call your local “National” office or write to 
National Carbon Company, Division of Union 
Carbide Corporation, 30 E. 42nd St., N. Y. 17, N. Y. 


“National”, “‘N" and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation SS 
NATIONAL CARBON COMPANY « Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
OFFICES: Atlanta, Chicago, Dallas, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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D-C MOTOR 


D-C DRIVES a, 
|e) * var 
PRECISE CONTROL 


A-C MOTOR 


Problem: How to obtain precise control 
of machine speeds without human direction 


Automation’s most important requirement—self- 
control—enables machines to process work con- 
tinuously with minimum human effort. This is why 
the trend to continuous automatic processing is a 
trend to direct-current drives. For d-c can best supply 
the precise regulation and self-control that enables a 
machine to correct its own errors without human 
direction. 

Feedback—the heart of automation—compares 
machine output with pre-established standards. 
Deviations are corrected automatically, instanta- 
neously. This is just one example of d-c’s modern 
capabilities. 


If you are seeking more automatic, lower cost 
means of production, it will pay you to investigate 
direct-current drives. A new booklet, “‘“WHY D-C?’’, 
written for modern industry’s management team, is 
available to help you. For your free copy, write 
Section 829-4, General Electric Company, Schenec- 
tady 5, New York. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S COMPLETE LINE OF D-C DRIVES 


MOTORS AND GENERATORS 
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POWER UNITS AND CONTROLS 
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BETTER ANSWERS TO 
YOUR TIMING PROBLEMS 
TODAY and TOMORROW '! 


An important part of Haydon’s Research and 
Development Program concerns itself with your 
immediate timing requirements . . . analyzing the timing 
problems you submit, investigating all possible methods 
of solution, and developing new timers — or adapting 
existing models . . . to meet your needs exactly. 


However, an equally important part of our Research and 
Development Program is concerned with anticipating 
your future timing requirements — and with deyeloping 
in advance the new timing methods and devices that 
will provide the solutions. In conducting this latter 
part of our research, we carry out an extensive program 
at our own complete in-plant laboratory . . . and also 
take full advantage of the advanced experimental data 
developed in the laboratories maintained at New York 
and Chicago by General Time Corporation, our 

parent organization. 


Concerned primarily with “pure” research, the New 
York laboratory investigates the latest advances in all 
the basic sciences to determine which have possible 
application in the field of timing and timing control. 
The Chicago laboratory concerns itself with applying 
timing to military and industrial fields. Finally, our own 
laboratories at Haydon determine how these new 
timing principles can be applied to the development 
and manufacture of practical, dependable, economically 
priced new timing motors and devices that will solve 
your present and anticipated timing problems. 


As a result of this triple-team program of research and 
development, covering every stage from pure science 
to practical production, you can always count on 
Haydon to provide the latest and finest for your timing 
needs .. . today, tomorrow and any time! 


For further information, write now, outlining your 
timing requirements, or contact your nearest 
Haydon field engineer. 


Division of General Time Corporation 


AT TORRINGTON 2536 EAST ELM STREET, TORRINGTON, CONNECTICUT 


Headquarters for Timing 
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MAGNET WIRE 
 CUSSB 


fee 
MAGNET WIRE NGE ——_ MAGNET WIRE 


CLASSA Benne CLASS -F 
/05°C__ | SODERONW® /65°C 


(LIMITED) 


RANGE RANGE 


ree THERMALEX-F Rice s 
PLAIN EWAMEL HERMALEX-F 


FORMYVAR 
NYFORM 
SODEREX ° 


The right insulation 
for every application 
with Essex Film-Coated Magnet Wire 


Write for the new data and samples 
available on all-purpose Thermalex-F® 
TOOOTOOTS 


® — THE WIRE DESIGNED WITH THE FUTURE IN MIND! 
y 


MAGNET WIRE DIVISION 


ESSEX WIRE CORPORATION 


Fort Wayne, Indiana Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Mich. 


National Network of Warehouses and Sales Offices...Cal/ your local ‘‘Essex Man.” 
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Raytheon Voltage Regulating 
PLATE-FILAMENT 


4 oe ee eee ee 


Slate 
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TRANSFORMERS ........... 


Transformers that regulate 
voltage to within + 3% 


This versatile Raytheon unit looks like a trans- 
former, but does the combined job of trans- 
former plus voltage regulator. 


In a conventional power supply circuit, the 
voltage regulating transformer maintains a dc 
output voltage within +3% with line variations 
of +15%. 


For custom requirements, please write our Ap- 
plications Engineering Group for an answer to 
your particular need. Raytheon Company, 


voltae DIAGRAM shows Raytheon Manchester, New Hampshire. 


Regulating Transformer in 
— Sdbuate "sestiier circuit. 
standard models with ratings 


0 et ee toe 
mediately available from stock. "aha genes eS 
The Raytheon Plate-Fil RAYTHEON COMPANY 
TRANSFORME! 
REGULATES VOLTAGE. tox industrial Apparatus Division 


THIS BOOKLET GIVES YOU COM- 
PLETE SPECIFICATIONS. ya 
data let, 


co lus a companion 
ale TResthawn, » N. HL 


Excellence in Electronics 
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THE PRACTICAL LOW COST ANSWER TO MULTI- 
CHANNEL OSCILLOGRAPHIC RECORDING PROBLEMS 
--e SANBORN INTRODUCES THE FIRST OF THE 950 
SERIES --- THE 958-1500 SYSTEM --- FOR FLOATING 
OR GROUNDED INPUTS FROM 10 xV TO 2 MV 
PER DIVISION --- ALL-TRANSISTORIZED ELECTRONICS 
MOUNTED BEHIND A SINGLE 7’’HIGH PANEL --- FLUSH- 
FRONT RECORDER WITH 9 ELECTRICALLY-CONTROLLED 
CHART SPEEDS --- IMPROVED, RUGGED GALVANOM- 
ETERS --- CLEAR, INKLESS TRACES --- RECTANGULAR 
COORDINATE RECORDINGS ---ALL IN A SYSTEM DE- 


SIGNED SPECIFICALLY 10 PROVIDE GREATER ECONOM Y 
AND ACC RACY WHEN.SYSTEM FLEXIBILITY 


Additional features of the ‘‘950’’ Series include: common SPECIFICATIONS —Model 958-1500 System 
power supply, built-in MOPA, front and rear inputs, easily 
serviced plug-in circuit cards, adaptability for use with other INPUT — 100,000 ohms, all ranges, floating and guarded. 
readout devices, availability in 4-, 6- or 8-channel models. LINEARITY = = 0.4% 
When many channels are constantly in use for floating or SENSITIVITY 10, 20, 50, 100, 200, 500, 1000 and 2000 wv per chart div 
grounded high gain inputs the simplified 958-1500 design assures COM ee 100 dh, min. dc 
2 . sé ” 
dependable operation, yet at much lower per channel’’ cost. FREQUENCY 0-100 cps within 3 db at 10 div peak to peak. 0-50 cps with 
RESPONSE in 3 db at 50 div peak to peak. 
Complete details are available from Sanborn Sales-Engineering Representatives NOISE +4 div peak to peak maximum. 


located in principal cities throughout the U.S., Canada and foreign countries. (All data subject to change without notice) 


SANBORN SQ@W COMPANY 


INDUSTRIAL DIVISION 175 Wyman Street, Waitham 54, Massachusetts 
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How plastic laminates 
behave at high 


“How high is up?” to quote an old riddle, 
just about describes the high temperature 
possibilities of plastic laminates. 

To a missile expert a high temperature 
might be in excess of 5000°F or of 
20,000°F. To many of us high could mean 
180°C, or over 250°C. 

The key to the situation is Tempera- 
ture Endurance. Where high temperature 
resistance is required, as in missile appli- 
cations, the useful life of the part may be 
a matter of seconds. Under these con- 
ditions recent experiments show that rein- 
forced organic plastics can compete with 
refractory metals and ceramics. And there 
are indications that the ‘‘old reliable’ 
phenolic resin laminates might outshine 
the newer resins in this respect. 

All of this is exciting yet the larger need 
is for plastic laminates which will endure 
moderately elevated temperatures for a 


Table 1 
Properties at 180°C after 1000 hours 
exposure to 180 C 


| Flexural | Dielectric Strength 


Grade | Strength | Perpendicular Parallel 
psi | sOV.P.M. «|sCV«PM. 

XX 5600 * 170 

XXXP 4100 530 250 

LE 400 ° ° 

AA 5400 55 76 

G-5 17500 

G-7 18700 

G-10 5200 


*Specimens blistered 


DECEMBER 1959 


long time. The A.I.E.E. defines Class H 
and Class C materials as those which “‘by 
experience or accepted tests’ can be 
shown to be capable of operation at 
temperatures of 180°C or 220°C respec- 
tively. 

Tests of 7 standard grades of plastic 
laminates were made by members of the 
Laminated Products Section of N.E.M.A. 
(Table 1). 

Obviously, Grades XX and LE are not 
180°C material. Grade XX XP has excel- 
lent electrical properties after exposure. 
Grades G-5 and G-7 have excellent 
mechanical properties and good electrical 
properties. 

Similar tests were made on 4 standard 
grades at 250°C with these results: 


Table 2 
Properties at 250°C after 1000 hours 
exposure to 250°C 


Flexural Dielectric Strength 


Grade | Strength | Perpendicular} Parallel 


psi V.P.M. 
AA 800 | 50 
G-5 1900 | 108 
G-7 11800 211 
G-10 not ected 112 


These same materials often are satis- 
factory at temperatures in excess of 
5000°F for a number of seconds required 
in these types of applications. 


Just as the tests hold great promise for 
the future of laminated plastics in the 
very high temperature field, so do the 
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temperatures 


tests in the moderately elevated tempera- 
ture applications demonstrate the remark- 
able endurance of plastic laminates. 


Consider Other Properties 


The thermal resistance and thermal 
endurance of laminates such as Synthane 
must be viewed in relation to other prop- 
erties. Commercial applications include 
toasters, ironers, space heaters, water 
heaters, welding equipment, motors, 
generators, circuit breakers, electric fur- 
naces and ovens, jet engines. These appli- 
cations may require also resistance to 
moisture, chemicals, wear, ageing; ease 
of fabrication, mechanical strength, light 
weight. Since the life of a laminate in a 
heat environment may be affected by 
conditions not present during actual tests, 
special test procedures may have to be 
established. Synthane Corporation will 
be very happy to help you find a laminate 
suitable for your temperature-life 
problem. Write Synthane Corporation, 
17 River Road, Oaks, Pa. 


CORPORATION, OAKS, PENNA. 


Laminated Plastics for Industry 


Fabricated Parts 
Molded-macerated 


Sheets, Rods, Tubes, 
Molded-laminated, 





What do you need in an 


adjustable speed drive? 
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Compactness! 


Less Maintenance! 





7\%-hp Ajusto-Spede Drive 


Common motor-drive housing for units up 
to 714 hp saves space — can be foot or 
flange mounted. Larger sizes up to 100 hp 
with individual motor and drive housings 
mounted integrally. 


NEW design news from Louis Allis 


... Fhe Louls Allis AJUSTO-SPEDE® drive 
is more compact, precise, and trouble-free 


Here’s an adjustable speed drive that allows truly precise machine operation. 
Speed regulation is automatic and stepless — results in faster, more efficient 
production at lower cost, with less waste, and minimum wear on equipment. 


These and other benefits are yours when you use the improved Louis Allis 
Ajusto-Spede drive. For example, it can be set before or during operation to deliver 
any desired speed within its range. Its exclusive tachometer feedback circuit 
monitors the output speed and automatically corrects speed and holds it 
regardless of load changes. 


This improved drive requires minimum maintenance. Its stationary field has no 
brushes, commutators, or slip rings to cause trouble. The source of power is an 
equally trouble-free standard a-c squirrel cage motor. The cast-iron housing 
keeps out dirt, chips, and moisture — resists corrosion. 


The compact Ajusto-Spede also saves space. Integrally-mounted motor and 
drive simplify handling — can be easily adapted for installation on new or existing 
machines. Controls can be mounted at the machine or any other convenient position. 


The Louis Allis Ajusto-Spede drive is the practical solution to almost every 
application that requires dependable, easily controlled adjustable speed. It is the 
answer to precise operating speeds for machine tools, process machinery, test 
equipment, windups, conveyors, printing presses, and other equipment. 

Contact your Louis Allis District Office for information and application 

help. Or write for bulletins 2750 and 2800 — The Louis Allis Co., 

428 East Stewart Street, Milwaukee 1, Wisconsin. 

® Ajusto-Spede is a registered trademark of the Eaton Mig. Co. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 


Circle 154 on page 17 





What's “special” 
about these 
standard 


SKF bearings? 


ba rr’ Tapered 
Roller Bearing 


They all have exclusive features. Where else, 
for example, can you get the 334% higher 
— available in standard S&F 
spherical roller bearings? 


Or, take the cylindrical roller bearing. This type 
provides high radial capacity and minimum 

shaft friction. Controlled shaft end float within 
the bearing is a natural advantage of this design. 


Yet this is Se¢F’s standard cylindrical roller 
bearing, promptly available in 154 sizes ranging 
from just under 1” to 6” (bore) . In the 

double row it’s 1” to 9.5”, 


Why not get the complete facts on these 
“special” but standard (and economical) 
bearings? For details, call any of the 25 Sif 
sales offices today. 5923 


error eeeee 


EVERY TYPE-—EVERY USE 


okKF. 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings ee ee Te 


* REG. U. BS. PAT. OFF. 
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ONSIDER... 


Lockheed for telemetry 


Out of Lockheed creative engineering sessions such as this The Lockheed Electronics and Avionics Division 
come advanced design and proven performance in the field (LEAD) is currently conducting research in Frequency 
of telemetry. Lockheed’s pioneer work on the X-17 project Modulated and Pulse Modulated Systems for industrial and 
resulted in the first successful telemetering of vital data military needs. 

during re-entry. Research continues to provide even greater For proven reliability in telemetry components and 
reliability of performance to meet present re quire ments. systems, consider L EAD. 


Look to Lockheed for LEADership in Electronics 


LOCKHEED ELECTRONICS & AVIONICS DIVISION 


REQUIREMENTS EXIST FOR STAFF AND SUPERVISORY ENGINEERS 


6201 E. Randolph St., Los Angeles 22 








Shhhhhhhh! 


You'll have to be quiet to hear the new 
WESTINGHOUSE AIR-LINE MOTOR! 


You can hear a pin drop alongside a new, extra-quiet-running Westinghouse 
Air-Line motor. This new 48-frame shaded-pole or permanent split capacitor 
motor is the quietest and most failproof motor you’ve ever used. 

So very quiet because a Westinghouse design exclusive, a cushion of oil 
between nylon washers, never gives sound a chance. 

So failproof because Westinghouse has eliminated the ma:or source of 
air conditioner failures by welding and wrapping all electrical connections 
with multiple windings of insulating tape. 

So moisture resistant because Westinghouse builds the entire motor for 
moisture resistance—with Mylar* insulation, a corrosiva-resistant shaft, 
and double-dipped motor windings. 

So much shorter—the shortest motor ever—with perfectly flat end-bells 
and recessed bolts. 

No oiling for five years or more with Permawick iubricating system. 

With plug-in terminals or leads depending on your requirements. 

Plus dozens of other features that your loca) Westinghouse sales repre- 
sentative will be proud to show you. Ask him for a demonstration today. Or 
write to: Westinghouse Electric Corporation, Mr. C. B. Jakes, Industrial 
Motor Department, Lima, Ohio. 


*DuPont registered trade-mark 


you CAN BE SURE...1F IT's V Vesti nghouse 


WATCH "WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS" CBS TV FRIDAYS 
Circle 157 on page 17 





74 YEARS OF 
eee UATE 
EXPERIENCE... 


ORE a aOR B a 
CADMIUM OXIDE 
att 


THOMSON 
“710” 


. CONTACTS 


. 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 
give you the benefits of: 


Electrical Contacts Division 


supson t. 1f[n}(O)[)\} SON] mre. co.. wartiam s4, mass. 


Since 1885 


ELECTRICAL MANUFACTURING 





105C (Class A), oleoresinous, P.E.—BELDENAMEL*. Most uniform 
diameters of any film-coated wire (except Celenamel). 


180C -130C-105C (Classes H, B, A) SQUARES and RECTANGULARS. 
Extremely close dimensional tolerances—no ‘‘space”’ problems. 


105C (Class A), solderable Cellulose acetate—CELENAMEL*. 
Most uniform diameters from spool to spool of any film- 
coated wire. 


105C (Class A), Vinyl Acetal—Nylon, NYLCLAD*. The toughest 
film coating of all. 

130C-155C (Class B-F), Polyester—BELDTHERM*. High thermal 
stability, AIEE #57—155C rating. 

105C (Class A), solderable Polyurethane —BELDSOL*. Solderable, 
eliminates costly stripping operations. 

*Belden Trademark — Reg. U. S. Pat. Off. 


Lead Wire 


Widest range of UL and CSA voltage and temperature ratings. 
Rubber—Neoprene—Silicone—Plastic—Asbestos—insulations with 
and without textile braid—complete factory stocks. 


Engineered wires, tight quality control, assure over-all low-cost 
assembly in your plant—long trouble-free performance in service. 


One Wire Source for 
Everything Electrical & Electronic 


Belden 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, 
Cord Sets and Portable Cord + Aircraft Wires 
Electrical Household Cords * Electronic Wires 
Welding Cable + Automotive Wire and Cable 


DECEMBER 1959 





There’s 


Refinements in Resistance Welding, here being 
investigated by a Mallory metallurgist, enable 
us to apply this and other joining techniques 
most effectively to your contact problems. 


Resistance Brazing section of our contact 
assembly department specializes in this tech- 
nique for attaching contacts to backing 
members. 


Automatic assembly cuts cost 20% on typical 
leaf contact assembly in the Mallory fabri- 
cating department . . . is typical of specialized 
facilities ready to work on your contact 
assemblies. 


ELECTRICAL MANUFACTURING 





DECEMBER 1959 


Always a BEST Way 
to Assemble Contacts 


Both the performance and the price of a contact 
assembly depend on how the contact material is 
attached to the backing member. During the 
decades that Mallory has specialized in electrical 
contacts, we have developed techniques for work- 
ing with contact materials which are unfamiliar 
to many metal-working departments. Our contact 
engineering staff can save you time, trouble and 
money, by recommending the assembly method 
best suited to your specific problem. 


Mechanical assembly by riveting, hot upsetting 
or spinning, lends itself to economical, automatic 
operations . . . is most applicable to small contacts 
of low current ratings. 


Resistance welding offers superior mechanical 
and electrical characteristics. Our metallurgical 
specialists have extensive experience in welding 
techniques, and have developed many unusual 
ways to use projection welding, wire welding, and 
specialized resistance and arc methods for making 
high strength, heat-resistant joints. 


Brazing has broad applications to large and small 
contacts and readily adapts to mass production. 


We are well experienced in all variations of this 
method, such as selective atmosphere furnace 
brazing, resistance brazing, induction brazing, 
torch and radiant gas brazing. 


“Cast-on” techniques are used to join certain 
Elkonite® contact materials to copper backing 
members, providing a high strength, homogeneous 
joint. Brazing alloys or fluxes are not needed. 


We'll be glad to recommend the best way to 
assemble your contacts. Let us quote on doing 
the assembly job for you, and show you how you 
can simplify your buying and scheduling, get 
better contact life, and often reduce total costs 
substantially. Just write or call for a consultation. 


_MALLoR 


P. R. MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 


Mallory Contact Service Gives You... 


Engineered contact materials. Typical of Mallory 
research in contact metals is this spectroscopic study of 
arc phenomena in our laboratory. From years of pio- 
neering in contact materials and powder metallurgy 
has come a broad range of Mallory materials . . . includ- 
ing silver, platinum, palladium and their alloys; 
Elkonium® contacts; silver semi refractory composi- 
tions; tungsten, molybdenum and heavy duty Elkonite 
metals. This uniquely complete line is sure to match 
all your contact requirements. 


Cost-cutting design assistance. Mallory specialists have 
collaborated with customers in the design of thousands 
of contacts in a variety of types, materials and con- 
figurations. Our value-minded design service helps you 
cut corners without sacrificing performance, by recom- 
mending simplified construction . . . eliminating unneces- 
sary “frills” ... selecting contact materials accurately 
for service requirements . . . using standard shapes 
where possible. Let us consult on your current or future 
designs; we can probably do the same for you. 


Circle 160 on page 17 





Here’s 
How to Cut 
Contact Costs... 
Maintain High 
Performance 
Quality... 


Use General Plate Clad 
Contact Materials 


Among the many advantages in using General 
Plate Clad Contact Materials are better electrical 
performance, longer operating life and lower fab- 
ricating costs. 

Single and double inlay, overlay and toplay 
make it possible to manufacture complete contact 
wssemblies to close tolerances by single blanking 
and forming operations. Compare this to multiple 
operations whereby the contacts and supporting 
members are fabricated separately and then as- 
sembled by brazing, welding or staking methods 
and you readily see the savings in production 
costs alone. 

But that’s not all . . . here at General Plate we 
specialize in supplying you with complete fab- 
ricated clad contact assemblies ready for installa- 
tion. They will save you money, time and trouble 
. . » problems of precious metal inventory and 
scrap disposal are eliminated. 

Why not find out how you can cut costs, in- 
crease performance with General Plate Clad Con- 
tact Materials and fabricated assemblies. Write: 


You Can Profit By Using General Plate 
Clad Contact Materials 


Typical example of how General Plate 
Clad single and double inlay reduces 
fabrication and assembly costs by simple 
one-step stamping. 


METALS & CONTROLS 


1912 FOREST STREET, ATTLEBORO, MASS..U.S.A 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


GENERAL PLATE PRODUCTS: Ciad Metals « Electrical Contacts + Truflex@ Thermostat Meta! + Platinum Metals « Reactor Metals « Radio Tube & Transistor Metals 
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J. F. HARPER, OF HARPER 
BUFFING MACHINE COMPANY, SAYS... 


mar) m a Hele 
My CONTE 


*GENERAL ELECTRIC ECONO-MATCHING 


quick and accurate matching of Tri-Clad ‘5 
motors to machines by skilled G-E engineers. 





NOC) oT TLC 
$1300 Per Machine!” 


wn a ete at no cost to Mr. Harper! 


2 a~( 


“'“G-E ENGINEERS STUDIED OUR APPLICATION,’ 


said Mr. Harper, “and advised that we could get 
ECONO-MATCHING recently helped. increase maximum efficiency and economy by replacing the 
equipment efficiency and reduce unit costs at drive we had selected with a Tri-Clad ‘55’ 50-hp 
Harper Buffing Machine Company, East Hampton, open drip-proof motor. We did, and realized an 
Ore) obelcaatacne immediate savings of over $1300 per unit! 
After selecting a drive to power his new ‘‘Harper- MORE THAN THREE BILLION integral-hp a-c motor 
izer?’’ free-grain buffing machine, J. F. Harper types are available to the G-E engineers who can 
above center) called his G-E Distributor, who in select the drive to meet your needs. Let them 
turn arranged for a team of General Electric Econo- h@p you get the most from your equipment 
matching engineers to study its drive requirements investment! 


tTrademark of Harper Buffing Machine Co 


GENERAL (6) ELECTRIC 


RETURN THIS COUPON... 
for more Econo-matching details, or call 
your nearby General Electric Apparatus 
Sales Office for complete information on 
how G.E. can ECONO-MATCH a motor to 


meet your specific requirements. 


Circle 162 on page 17 


Section J891-22A 
General Electric Company 
Schenectady, New York 


Please furnish more information on how you can ECONO-MATCH a motor for my 
application, which is 
NAME 


COMPANY " 
eS | 
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Epoxy Magnet Wire is ideal for encapsulated systems Epoxy Magnet Wire has high dielectric strength. 


Epoxy Magnet Wire has high resistance to heat shock and overloads Epoxy Magnet Wire is unaffected by transformer oils. 


COMPATIBILITY 

HEAT SHOCK RESISTANCE 
THERMAL STABILITY 

HIGH DIELECTRIC STRENGTH 


4 REASONS FOR THE OUTSTANDING INDUSTRY ACCEPTANCE OF 


EPOXY MAGNET WIRE 


BY ANACONDA 


There's good reason—4 good reasons in fact—for the 
immediate and widespread acceptance of Anaconda 
Epoxy Magnet Wire (Class B 130° C). 

First, Epoxy has proved its compatibility with virtu- 
ally every insulation system in use today. Most standard 
insulating varnishes can be used without degradation 
of the Epoxy film. Epoxy’s high resistance to the effects 
of hydrolysis has made it “first choice” for use in totally 
enclosed systems. 

In addition to this outstanding compatibility, Epoxy 
offers other important properties: high heat resistance 

. unusual resistance to heat shock . . . high dielectric 
strength, even under conditions of cobain humidity 


. excellent flexibility and winding properties . . . out- 
standing adherence of insulation. And, from Anaconda, 
Epoxy Magnet Wire is available in a complete range of 
sizes—rounds, squares and rectangulars. 

E upoxy Magnet Wire, now in its fourth year of produc- 
tion, is an Anaconda development. Its manufacture was 
preceded by seven years of careful research and study 
in the Anaconda magnet wire laboratories. Anaconda 
Epoxy has proved its ability to solve many serious ap- 
plication problems. Why not get data for your own 
magnet wire needs. Just ask the Man from Anaconda, 
or write for Epoxy Catalog No. C-101 to: Anaconda 
Wire & Cable Company, 25 B’way, New York 4, N. Y. 


99251 


ASK THE MAN FROM 


ANACONDA 


FOR EPOXY MAGNET WIRE 
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FIELD-PROVED HONEYWELL COMPONENTS 


for measuring, balancing and positioning applications 
CONVERTERS 


ELECTRICAL CHARACTERISTICS 


354210-2 354210-3 354210-1 
20-30 cycles 40-45 cycles 50-65 cycles 


(Make-before-break) 
Each contact closed 55% of each cycle 


355081 


360-440 cycles 
Each contact 
closed 57% of 


Part No. 
Modulation Frequenc 
Switching Action (SPDT) 


354210-4 


(Break-before- 
make). Each 


es 
7 


Mf. 


These synchronously driven choppers 
handle d-c signals as small as 10-8 volt. 
Sensitive, stable performance. Avail- 
able with special features such as 


Driving Coil Requirements 


Contact Rating 


Electrostatic Stray Pickup 
Electromagnetic Stray 
Pickup 


Phase Shift 


Symmetry 
Shielding 


contact closed 
47% of each 
cycle 


(+ 2%) Other actions, as specified 


6.3 v, 60 ma at rated frequency 


100 microwatts at 6 v max.; 1.0 ma max 
2 x 10° volts per ohm of input circuit impedance 
Less than 2 x 10° volts, constant to within 2 x 10°: 


Output voltage lags driving phase by 17° +5° 


Within 2% 
Frame and coil shield, grounded through pin No. 2 


each cycle 


(+7%) 


18 v, 94 ma 
at rated 
frequenc 


2x 10° 
2 x 10° volts 
constant to 
2 x 10° 
Lags driving 
phase by 45° 
to 50° 
Within 7% 
Shell and coil 
shield, grounded 


fungus proofing, grounded housing, 
mica-filled base, various contact per- 
centages. Weight: 10 oz. Prices from $39. 


through pin 
No. 2 


Resistive or Inductive 
Output voltage varies less than 2% with rates of vibration from 0 to 10g 


Load Characteristics 
Vibration Resistance 


MOTORS 


Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing; self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40. 


*1/6 less at 50 cycles = tField winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
All motors are available in two phase and synchronous models 


Sensitivity Nominal Input Impedance 
(Microvoits) (Ohms) 


4.0 400, 2,200, 
1.0 400, 7,000, 
0.4 400, 2,200, 
0.1 2,200 


AMPLIFIERS 


50,000 
50,000 
7,000 


POWER SUPPLY—115 v., 60 cycles (fused power line) 

OUTPUT—2 to 18 ma. into 12,000 ohm load 

SENSITIVITY —Continuously variable screwdriver adjustment. Recessed slot protects 
setting 

MOUNTING— Operation unaffected by mounting position 


OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de- 
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
Fut ow Coritiol 


ELECTRICAL MANUFACTURING 


They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup- 
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi- 
tivity . . . fast response. Priced from 
$110 to $250. 


Circle 164 on page 17 
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EXCELLENT ABRASION: RESISTANCE 


CHEMICAL RESISTANCE 


Circle 165 on page 17 


CYMEL 


MELAMINE 


BEETLE’ 


PLASTICS | 


; 
REMEMBERED FOR Seal 
FORMANCE — CYANAMID. 
MOLDING COMPOUNDS 


CYMEL 3135—3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good diménsional 
stability. Typical applications: circuit breaker 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel’ 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136| 
(MIL-M-19061, MMI-5). 


CYMEL 592 (asbestos-filled) Additional 

tinctive properties: resistance to ‘atmpspheric | 
extremes; high dielectric strength. Typical | 
applications: connector plugs; terminal 
blocks; a/c, automotive and heavy duty in- 
dustrial ignition parts. Specifications: 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP1 SPEC NO. 27025. 


CYMEL 1077 (alpha cellulose-filled) Additional | 
distinctive properties: Surface, hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704-, 
55T Type 1, SP1 SPEC NO. 30026. { 


CYMEL 1500 (wood flour-filled)-CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
terminal strips. Specifications: Cymel 1500 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6); Cymel 1502 (MIL-M- 
14E Type CMG, Federal L-M-181 ier» 7; ASTM 
D704-55T Type 7. 


BEETLE® UREA (alpha-filled) Additional dis- 
tinctive properties: Economy of fabritation, 
economy of material, myriad translucent and 
Opaque colors. Typical applications: wiring} 
devices, home circuit breakers, tube bases, 


‘appliance housings. Specifications: Federal 


L-P-406A, LC 726-1, ASTM D705-55, Grade 1 
{Arc resistance limits are in process of 
revision by ASTM), SP1 SPEC NO. 27026. 


WRITE FOR COMPLETE TECHNICAL DATA, 


: ; 


AMERICAN CYANAMID COMPANY « PLASTICS AND 
RESINS DIVISION » 30 ROCKEFELLER PLAZA= 
NEW YORK 20, N. Y. OFFICES IN: BOSTON « CHARLOTTE, 
CHICAGO « CINCINNATI « CLEVELAND * DALLAS ¢ DETROIT, 
LOS ANGELES « MINNEAPOLIS « NEW YORK * OAKLAND 
PHILADELPHIA * ST, LOUIS * SEATTLE « IN CANADA 
CYANAMID_OF CANADA LTD., MONTREAL AND TORONTO, 
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Bring out the FULL MAGIC of your own engineering 


know-how with Special REULAND Motors 


Don’t ever let a complicated drive requirement stymie 
your own ingenuity. If you have a design idea, go right 
ahead with it...leave the motor adaptation to Reuland. 
Reuland cut its eye teeth in the motor business, many 
years ago, by supplying special motors for new design con- 
cepts. And, while our company now supplies many thou- 
sands of standard motors each year, we have never lost 
sight of the industry’s continual need for something new. 
Reuland’s basic ““Xpandable” design is ideally suited to 


special adaptation. For example, there are well over 2000 
special designs in the Reuland Special Motor Library... 
one of which may very likely be close to something you 
may need right now. 


Whether you are doing futuristic doodling...or designing 
for immediate production. ..cash in on your own creative 
designing talents. A single experimental motor, or a pro- 
duction run, will receive the same well known Reuland 
spirit of cooperation. Why not check into what we say. 


ELECTRICAL MANUFACTURING 





MULTI-DRIVE MOTOREDUCER 


Shown here is a typical example of a 
Reuland multi-drive unit, as adapted for 
use On a screw conveyor bag filler machine. 
The primary motor turns the screw for 
high speed filling. For final, 

precision filling, a D.C. 

clutch cuts in the 128 r.pm. 

Motoreducer. Speed reduc- 

tion ratios of as much as 

100:1 are available. 


SPLINE COUPLED PUMP MOUNT MOTORS 


Reuland spline-coupled hydraulic pump 
mount motors feature a direct connection 
between the pump and the motor’s shaft... 
inside the motor. The installation is made 
by simply slipping the spline coupling onto 
the pump shaft...and attaching the pump 
to the endbell. The unit eliminates flexible 
couplings and platform mounts. Reduces 
mounting space almost 50%. Assures per- 
fect alignment, automatically. 


HOLLOWSHAFT WORM MOTOREDUCERS 


This unique, right-angle Motoreducer fea- 
tures a hollow shaft that permits direct- 
coupling to equipment by merely inserting 
the drive shaft of the machine. No other 
mounting arrangement is required, except 
the torque arm which serves as an “anchor” 
for the Motoreducer. Eliminates the need 
for couplings, brackets, or belt and chain 
drives. Mounts in very tight areas. 


5-STAGE DRIVE CYCLE PACKAGE 


A complete, five-stage operating cycle is 
handled by this one drive package... 
(1) 100 r.p.m. forward run, (2) immedi- 
ate stop, (3) fluid-cushioned start again, 
(4) reverse direction and (5) return at 200 
r.p.m. The complete cycle is accomplished 
by an internal fluid coupling...two-speed, 
reversing duty motor, gear reducer, and 
magnetic brake...within one frame! 


MACHINE TOOL MOTORS 


These precision machine tool motors are 
a completely new type, especially made for 
the machine tool industry. They are com- 
pact in design and built to precise specifica- 
tions like a fine tool. Their individual 
dynamic balancing... heavy duty ball bear- 
ings...low inertia, lightweight rotor...and 
even smooth-finished castings, make them a 
match for the most expensive machine tool. 


MULTI-SPEED MOTORS 


Basic designs consist of three predeter- 
mined speed rating selections; 2-speeds, 
3-speeds and 4-speeds. The motors are also 
available with three torque-horsepower- 
speed combinations. (1) Constant torque 
...h.p. varies directly with r.p.m. (2) Vari- 
able Torque...h.p. variation is proportion- 
ate to the square of the speed, and (3) Con- 
stant horsepower...wherever h.p. need is 
constant regardless of operating speed. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


...allin lightweight aluminum frames! 


REULAND 
MOTORS <> 


DECEMBER 1959 


SEE SWEET’ 


Circle 166 on page 17 


5; PRODUCT DESIGN FILE 


STALL DUTY TORQUE MOTORS 


Reuland torque motors can be stalled or 
“locked” into a load with full current on. 
The units also automatically adjust their 
speed to intermittent load changes. Output 
torques can be changed, as desired, through 
the use of voltage varying devices. Avail- 
able in ratings from % through 10 foot 
pounds...for maximum stalls of 5, 10, 20, 
60 minute and continuous. 


FLUID-SHAFT BRAKEMOTORS 


Reuland Fluid-Shaft motors eliminate 
shocks and jerks and provide a smooth, 
gradual, stepless method of load accelera- 
tion. Power is transmitted through an in- 
ternal fluid coupling and all starting iner- 
tias are absorbed in a cushion of oil. The 
Reuland “doughnut” magnetic brake... 
mounted on the output side of the coupling 
... permits extending the motor shaft right 
through for load hook-up. 


DISC-TYPE MAGNETIC BRAKES 


Reuland “through-shaft” magnetic brakes 
feature a fast and sure direct action princi- 
ple. Levers and linkage are eliminated by 
a simple attraction and release action be- 
tween the armature and “doughnut” type 
magnet. Available for use with all makes 
of motors in (1) endbell type, (2) foot 
mounted and (3) foot mounted—complete 
with own bearings and shaft. 


Our new general catalog 

will come in handy. Sent free 
on request. Describes the 
exclusive Reuland “Xpandable” 
design idea...Tells how you 
can benefit by using our free 
Special Motor Library. 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
Distributors in all principal cities 
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Alcoa Aluminum 
...2asy to join 
y any method! 


Compression welding of Alcoa Aluminum is especially suited for 
fast, strong welds of nonheat-treatable alloys in the annealed 
condition. This method is utilized by manufacturers in several in- 
dustries for making lap welds in sheet and foil, butt welds in tube 
and sheet. Butt welds are also obtainable in bars or simple ex- 
truded shapes. No flux is required . . . resistance to corrosion is as 
good as the parent metal . . . heat cycle tests confirm that sound 
electrical connections in both aluminum to aluminum and alumi- 
num to copper may be accomplished. 





By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. 

For example, Alcoa Aluminum is low in cost... 
lighter in weight . . . easier to handle . . . nonmag- 
netic . . . corrosion resistant .. . strong in alloys... 
offers more current-carrying capacity per pound... 
is easy to spin, form, bend, roll. ..can be cast, forged, 
extruded or drawn. 

Ask your Alcoa sales engineer to show you how 
you can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-M 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 
in Aluminum Value 


ALUMINUM | For exciting drama watch “Alcoa Presents” 
a ale every Tuesday, ABC-TV, and the 
Emmy Award winning “Alcoa Theatre’’ 
alternate Mondays, NBC-TV 
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Why Du Pont insulation 
is in a class by itself 


ARMALON® TFE-fiuorocarbon resin coated glass fabric 


Serviceabie from -125°F to +482°F (Classified as Ciass H insulation) 


GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3 mils 6 mils 


Unusual heat resistance Dielectric strength (14” electrode) > 750 
Mechanical strength and extreme Surface arc resistance, sec. > 180 


toughness 
Dielectric constant 
Low flow under heat and pressure 60 cycles 1.8 
1.7 


Excellent electrical characteristics 1,000,000 cycles 
over a wide range of temperatures Volume resistivity, ohm-cm 


Each of these electrical insulating and frequencies room conditions 10" 


High degree of chemical inertness 10" 


materials—Du Pont coated glass fab- Excellent anti-adhesive, non-stick Insulation resistance, ohms 
properties (96 hrs, @ 90% R.H., 25°C) 10° 


rics—more than meets the industry Low water absorption Breaking strength, Ibs. /in. of width, 
Outstanding flame resistance warp > 40 


standards of its Class. As you look Note: Standard singie-ply constructions — available in 4, 5, 8, 10 mils, also — come in rolls or 
: sheets 14” to 38” wide; laminates in rolls or 13” x 17” sheets —6 to 25 mils thick. 
over the data, you'll note outstand- 
LECTON® acrylic resin coated glass fabric 


ing chemical and mechanical charac- Serviceable at 226°F continuously, to 310°F intermittently(Classified as Class B insulation) 


teristics as well as electrical —better GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3mils 7mils 14 mils 
Good heat resistance eee po (%4” electrode) > one 


Mechanical st h and ext 
property balance. See en omen @ 130°C > 700 > 600 


° . * Dimensional stability @ 25°C after 4 days at 90% R.H.> 900 > 700 
Du Pont insulation IS unmatched Good retention of electrical Surface arc resistance, sec. > 180 > 180 
s : aie characteristics to 310°F and under i . 
in performance. You'll discover it is high humidity conditions Tae 
z hs 7 Highly resistant to most solvents, @ 130°C 10" 10" 10" 
remarkably uniform in caliper...can wepeeee cos Sea @ 25°C after 4days ot 90% RH. 10% 104 16% 
Breaking strength, Ibs. (a. average, W X F 


give you greater design freedom, Good resistance to nuclear radiation straight 


Modest price bias-cut 


make your product more reliable, re- Elongation at rupture, % . ; 


straight 
duce your rejects. And for particular 
Note: Standard single-ply constructions — available in 5, 10 mils, also — come in rolls or sheets 


bias-cut 35 
j i o Y%” to 60” wide; 7 and 10 mils offered both straight and bias-cut. Laminates supplied in 
insulation problems, Du Pont Techni rolls 20 and 30 mils thick, and in 18” x 18” sheets .060”, .072”, or 3/32” thick. 


10" 10” 10 


90x150 a 250x250 


cal Service is available to assist you. | FAIRPRENE® silicone rubber coated glass fabric 


Serviceabie from - 70°F to +480°F (conforms to Spec. MIL-C 21948) 
For details, complete data on these GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 7 mils 10 mils 


Du Pont coated fabrics—mail the CoUu- nnn pe pmeai coe strength (1/4” electrode) > 500 > 500 
ensile strength, Ibs. 130 x 110 150 x 140 


pon today. Or write F. I. du Pont de Good electrical characteristics Tear strength, Ibs. 8x10 8x10 


Excellent corona resistance Burst strength ..|#| 350psi 400psi" 


Nemours & Co. (Inc.), Fabrics Division, Low-temperature flexibility Oil resistance 
Puncture resistance 70 hrs. @ 350°F 


Dept. EM-912, Wilmington 98, Delaware. een oad 


volume change ~ 
decomposition none 
surface tack none 


*Derived from standard testing methods. These data are a guide to properties and 
are not to be regarded as specifications. 


DU PONT 
INDUSTRIAL COATED 
FABRICS 


E. I. du Pont de Nemours & Co. (Inc.) 
Fabrics Division, Dept. EM-912, Wilmington 98, Delaware. 


Please send me FREE information on: 
0 “Armaion” [ “Lecton” [ “Fairprene” () Du Pont Technical Service 
| want this information for [1] reference only C] an immediate project 


Name Position 


Company. 
Street 
Ee 


REG. U.S. PAT. OFF. 


Better Things for Better Living... through Chemisry 
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[ GENERAL ELECTRIC SEMICONDUCTOR NEWS 


New silicon triodes dissipate 


TYPICAL 
Hee VS TIME 
(500 Mw @ 25°C) 
Vog* 20 VOC 
I, *25 MA OC 


hte—SV, IMA 





Greatly magnified photo of silicon 
transistor showing Fixed Bed Construc- 
tion. All parts are firmly fastened, with 
no suspended parts except wire lead. 
Transistor reacts as a solid block in re- 
sisting shock and vibration. Power dis- 
sipation is inherently higher. 





665 
TIME IN HOURS 


Power dissipation of the 2N332A-through-2N336A silicon transistors (see chart below) 
ranges from 500 mw at 25°C to 83 mw at 150°C without heat sink. Note also (see chart 
below, left) the extremely low Icso throughout 1000 hours of testing. Nearly 90% of 
units fall within 100 mua. Beta spread (chart above) is stable out to 1000 hours. 


RATING CURVES FOR 
G-E SILICON TRANSISTORS 
WITH FIXED-BED CONSTRUCTION 
TYPES 2N332A-2N336A 


TYPICAL 
Icpo VS TIME 
(500 MW @ 25°C) 
Vopg * 20 VOC 


Tcgo730V (MILLIMICROAMPS) 


POWER DISSIPATION (MILLIWATTS) 


PRESENT RATING 
2N332 — 2N336 


75°C 100°C 25°C 
AMBIENT TEMPERATURE 


665 
TIME IN HOURS 
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500 mw without heat sink at 25°C 


FIXED BED MOUNTED TRANSISTORS 2N332A-through-2N336A ALSO FEATURE: 
4 VOLT Vig... GUARANTEED 45 VOLT Vee... .005 pa MAX. lero 
AT 25°C AND 20 VOLTS ... PHYSICAL AND ELECTRICAL STABILITY 


The 2N332A-through-2N336A line of silicon 
NPN triodes is a new series of amplifier and 
switching transistors capable of much higher per- 
formance than ever before achieved. 

Collector dissipation without heat sink is 500 
mw at 25°C ...83 mw at 150°C. Since reliability 
is related to junction temperature, even those de- 
signs which do not require maximum-rated power 
may be enhanced greatly by this device series be- 
cause of the wide safety-factor potential provided. 
FOUR OTHER ADVANTAGES—Collector-to- 
emitter voltage is guaranteed at 45 volts. Col- 
lector leakage current is a maximum of 500 mya 
at 30 volts and 25°C. Collector-to-emitter leakage 
current is 60 wa at 150°C. Minimum cutoff fre- 
quency is 2.5 me, typical fa, is 10 to 15 me. 
FIXED BED MOUNTING— Fixed Bed Mounting 
is an exclusive G-E construction technique which 
contributes to the extreme stability obtained by 


this series of transistors. Storage and operating 
tests have resulted in a performance rate of better 
than 99.2% after 1000 hours. 

Besides the demonstrated electrical characteris- 
tics, General Electric’s silicon transistors can ab- 
sorb physical punishment far beyond normal 
specifications. All parts are solidly fixed together 
and react as a solid block in resisting shock and 
vibration. Test units have been fired from a shot- 
gun, struck with a golf club and rattled freely in 
an auto hubcap for 700 miles—and worked after- 
ward. : 


IMMEDIATELY AVAILABLE — All types are 
available now from warehouse stock. Call your 
General Electric Semiconductor Sales Representa- 
tive for complete details on the “hot” transistor 
line that operates the coolest. General Electric 
Company, Semiconductor Products Dept., Elec- 
tronics Park, Syracuse, N. Y. 


TYPE 2N333-THROUGH-2N335 SILICON TRANSISTORS MEET MIL-T-19500/37A SPEC. 
Designing to the new MIL-T-19500/37A Spec? General Electric types 2N333, 2N334 and 2N835 can be 
supplied from warehouse stock to meet this specification. 


Absolute Maximum Ratings (25°C) 


Voltages 


Collector to Base 
Collector to Emitter 
Emitter to Base 


Current 
Collector 


Power 


Collector Dissipation RMS 


Temperature 
Storage 


Operating Junction 


45 volts 
45 volts 
4 volts 


25 ma 


500 mw 


25°C (Free Air) 


83 mw @ 150°C (Free Air) 


— 65 to 200°C 


Electrical Characteristics (Typical at 25°C) 
D C Characteristics 
Forward Current Transfer Ratio (low current) 
(lc=1 ma, Vce=5 V) hre 
Saturation Voltage 


(Is=1 ma, Ic 


5 ma) Vce (Sat) 


Cutoff Characteristics 
Collector Current 


(Vee 


30 V; le 


O; Ta = 25°C) Ico 


Collector Emitter Current 


(Vce 


30 V; Is 


O; Ta = 150°C) Icto 


Low Frequency Characteristics 


(Vce 


5 V; le 


1 ma; f 


1000 cps) 


Forward Current Transfer Ratio 
Input Impedance 
Output Admittance 
Output Admittance 
High Frequency Characteristics 
(Common Base) (Vce=5 V; le= —1 ma) 
Output Capacity (f= 1 mc) 
Cutoff Frequency 
Power Gain (common emitter) 
(Vce=20 V; le= —2 ma; f=5 mc) 
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— 65 to 175°C 
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PICKLED in a 4% brine solution! 


CHOKED 


in a tornado of abrasive dust! 


od 


FROZEN 


for weeks at 75° C below zero! 


BURIED ALIVE 


in thick, sluggish mud! 


nothing... but nothing stops 
Super-Seal open-type motors 


Thanks to exclusive Poxeal and Silco-Flex insulations, Super-Seal motors have shown endurances that even 
enclosed motors couldn't match. Results and reasons available from your A-C representative or distributor.. 
Or write General Products Division, Milwaukee 1, Wisconsin 


ALLIS-CHALMERS BS 


Poxeal, Silco-Flex and Super-Seal 
ore Allis-Chalmers trademarks. 
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COST DOWN 


IF INSTALLED-COST IS A DESIGN PROBLEM 
Look at the KA general purpose RELAY 


What do your relays cost installed? Initial cost is 
never the whole story. 


Our KA Relays are engineered for modern pro- 
duction methods. They’re available with printed 
circuit, taper tab, quick-disconnect or hook solder 
terminals . . . are simple, economical to install. This 
fact, combined with low original cost, keeps your 
total cost down. 

Another source for savings! All standard KA ac 
relays bear U/L and Canadian Standard Association 
seals of approval. 

Write or call for more information or see the 
complete P&B catalog in Sweet’s Product Design File. 


Seem eee eee eee eee eee eeeeeeeee COCO HEROHHEH OTE HEHE EEES 


KB LATCHING RELAY con- 

sists of two KA Relays, forming 

a mechanical latching relay, 

featuring a large number of 
‘ contact arrangements. 


KA ENGINEERING DATA 


1 


= 


GENERAL: 
Insulation Resistance: 100 megohms min. 
Breakdown Voltage: 1500 V. rms between 
all elements. 
Temperature Range: 
— 55° C. to +85° C. DC 
— 55° C. to +70° C. AC 
Weight: 2.0 ozs. 
Pull-in: DC 75% of nominal voltage. 
AC 78% of nominal voltage, 
Terminals: Taper tabs. 
Printed circuit. 
Quick-disconnect. 
Pierced solder lugs. 
Enclosures: Dust Cover 
(max. 55° C. ambient for AC relays) 
(max. 70° C. ambient for DC relays) 
CONTACTS: 
Arrangements: 3 Form C (3PDT) max. 
Material: Movable— '” silver; stationary — 
Yo" wide silver overlay. 
Load: 5 amps @ 115 V. AC 60 cps res, 
COILS: 
Resistance: 16,500 ohms max. 
Power: 1.2 watts (DC), 2 volt amps (AC) 
Duty: Continuous AC or DC (DC coils will 
stand 4.5 watts at 25° C.) 


oT seeeeecececeboccscessesesssss P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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why not concentrate 
on the job 
you do best? 
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Making the world of today into the world of tomorrow . . . is quite enough to expect from any 
design engineer. So why waste your precious time trying to solve metallurgical problems 
relating to electronic, magnetic and electrical alloys? Why hold back the wonderful future for 
even another day (much less a week or month) while you stretch for the right thermal expansion 
or weigh the appeal of a hydrogen anneal? Why wait and worry and wish . . . when Carpenter 
can give you the solution right now? For no matter how difficult your problem, there's an 
excellent chance that our continuing research and development program has produced infor- 
mation which can save you time and money. 


In addition to leading the field in technical assistance, Carpenter also provides the convenience 
and reliability of one-source supply. You name it — dimensional control, resistance control, 
magnetic control — Carpenter offers you alloys to meet your most critical needs. In fact, you 
can choose from the world’s most complete line of alloys for electronic, magnetic and electrical 
applications. Write today for your free copy of our new 64-page technical booklet on these 
alloys. The Carpenter Steel Company, 115 W. Bern Street, Reading, Pa. 


[arpenter Sstec ! 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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« Aluminum foil being rolled in our Louisville facilities. 
Mee Le Le me a ea ela 


D 


write for booklet, "This is Anaconda Aluminum”. 





A\naconpA:: a respected name, and 
now a vigorous force in aluminum 


When buying aluminum for 
your product, check with... 





ANACONDA ALUMINUM COMPANY + GENERAL OFFICES, LOUISVILLE 1, KENTUCKY 





Stays 


Forder QUIK-STIK POLYETHYLENE ELECTRICAL TAPE 


e Ideal for all outdoor and indoor, underground or e Low moisture-permeability, high abrasion- and 

overhead wiring, in utilities, electronics, aircraft, corona-resistance. 

automotive, and general use. e Resists acids, alkalies, oils, solvents, fungus, 

e One-wrap, single-wind primary insulation. one Porter Quik-Stik polyethyl 

tink? ' ull information on Porter Quik- polyethyl- 

e Permanent strong tack . . . fast-sticking anywhere! ene tape by writing today to Thermoid Division, 

e Dielectric strength tested to 1,000 volts per mil; H. K. Porter Company, Inc., Tacony & Comly Sts., 
uniform power factor over wide frequency range. Philadelphia 24, Pa. 


THERMOID DIVISION UT H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and-Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Specialty Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL Divi- 

SION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, 
S. A.; and in Canada, Refractories, “Disston” Tools, Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 


€ Circle 173 on page 17 ; Circle 174 on page 17 93 





i 
; , 
A 
_ 
3 . 





SMOOTH, 


“CUSHION” START 


with new Century Electric 
part-winding start motor 


This new motor . . . at either 1200 or 
1800 rpm’s . . . will give you smooth, 
“cushion” acceleration. No cogging, jerk- 
ing or jarring equipment. No sub-synchro- 
nous stalling. Just dependable torque with 
the same 40% reduction in starting current 
of all Century Electric part-winding motors. 


New winding—A special winding scheme 
makes this extra smooth start possible. 
Special cross connections are made between 
coil groups of the basic motor winding. 
Result: balanced stator field on first step 
position . . . no cogging . . . smooth accel- 
eration. Means that now motors will give 
better performance on part-winding start. 
Also, more time can be taken for acceler- 
ation because the winding does not go 
‘*across the line” until the rotor has reached 
a higher speed. 


Applications—Have an application 
where power company restrictions limit in- 
rush current? The complete line of Century 
Electric part-winding start motors is the 
answer. They provide the most economical 
and dependable way of starting equipment 
with low-starting torque such as fans, blow- 
ers, centrifugal pumps, and compressors, as 
well as reciprocating compressors equipped 


with unloading valves. And with new 
Century Electric part-winding motors 
heavier loads than ever before can now be 
brought smoothly up to speed. 


Construction—Century Electric part- 
winding start motors are available in ap- 
proximate range of 20 to 150 hp sizes and 
in speeds of 1200 and 1800 rpm. They all 
have the high quality construction features 
of all Century Electric squirrel cage induc- 
tion motors . . . coils are insulated with 
tough polyvinyl acetal resin . . . windings 
are dipped and baked with several coats of 
high temperature synthetic varnish which 
protect against oil fumes, mild acids and 
dust and grit . . . rotors are dynamically 
balanced so that motors run with extreme 
quietness and smoothness . . . rugged cast 
iron frame construction assures long life 
and low noise level. 


Application aid—A Century Electric ap- 
plication engineer will be glad to discuss 
your part-winding start problems with you. 
Century Electric also makes a complete 
line of motors . . . all sizes and types from 
1/20 to 400 hp. For a copy of the new 
Century Electric Motor Application Guide, 
please write for bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


PER UNIT SPEED ~~ 








SPEED-TORQUE curves show how transfer to full 
winding can be made at higher speed after current 
has fallen off. 
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Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base— Decorative Finishing 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


Ga A COMPLETE PROCESS 
““S ENGINEERED LINE 
Developed for specific applications, there is an -— 
Iridite to provide the finish you desire, fit the ‘ 4 ECONOMY 
equipment you have available and give the 


performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 


eS SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


<{3> PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


-———o—oCo— "1 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


_(@>. RESEARCH AND DEVELOPMENT 


= FACILITIES 

If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


iRIDITE—a specialized line of chromate conversion coatings for non-ferrous 
metals. Apply by dip, brush or spray methods — at room temperature — 
manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


enemenanemenanel 


if you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies" in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Pr oducts, TNC. 1004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
- West Coast Licensee for Process Chemicals: L. H. Butcher Co. 
EID °| @Ie?| CZ 
Plating Chemicals & Line of 
Brighteners Supplies Equipment 


Comin toe: | QTR) ITD" 
chemical Processes, Anodes, Chromate Clear 
Rectifiers Equipment, ond Supplies for Metal Finishing Coatings Coatings 
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systems offer you 


the widest recording ranges available 


Versatile “recti/riter” recorders, both Single and Dual 
channel, have established new standards for reading 
ease, full-scale accuracy, and up-front operator conven- 
iences. Now, the applicability of the “recti/riter,” or other 
graphic recorders of one-milliampere sensitivity, is ex- 
tended to the widest practical limits by the use of Series 
300 accessories, which presently include models: 


301 DC AMPLIFIER 353 LINE VOLTAGE MONITOR 
350 MULTI-VOLTAGE MONITOR 354 LINE CURRENT MONITOR 
351 AC MULTI-CURRENT MONITOR 333 LINE SERVICE MONITOR 
352 LINE FREQUENCY MONITOR (a single-package combination 
of 352, 353, and 354) 
Only the “recti/riter” systems, recorders and match- 
ing accessories, offer these wide ranges for recording 
electrical parameters: 
10 millivolts to 1000 volts . . 
500 microamperes to 1000 amperes... 
Monitor standard frequencies—40, 60, 400 cps. 


°| TEXAS INSTRUMENTS 


INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 
® 3609 BUFFALO SPEEDWAY « HOUSTON 6, TEXAS « CABLE: TEXINS 


FULL SCALE RANGES—Accessory scales give quantities 
per division equal to decimal multiples or sub-multiples of 
1, 2, and 5 in keeping with standard 50-division chart 
of recorders. 

ACCURACY—Combined recorder-accessory response departs 
from true value at any point not more than 2 per cent of 
the full scale value. 


POWER REQUIREMENTS—No auxiliary power required 
for transducer accessories . . . a 45-volt battery or optional 
AC supply is used with the DC Amplifier. 


SIZE—Aluminum cases 214” H., 742” W., 10” D. (Monitors 
may be mounted inside as integral part of recorders.) Mount- 
ings are available for relay racks, flush mounting, portable, 
or desk use. 


To select the “recti/riter” recorder-accessory system that 
meets your exact measurement requirements, let TI give 
you complete technical assistance . . . write or call today! 


OTHER TI/GSID PRODUCTS 
© Complete Geophysical Instrumentation 
© Measurement and Control Systems 


¢ Automatic Test Equipment 
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Here’s why you save $60 in maintenance 


Ordinary brakes need frequent adjustment... 


Ordinary magnetic brakes require periodic adjust- 
ment to compensate for wear . . . industry average 
is once every two weeks. New Westinghouse SA 
brakes are completely self-adjusting . . . auto- 
matically adjust themselves during operation. Once 
they’re installed, you never have to touch them. 
This means you save at least $60 per year per 
brake in maintenance alone. And that’s not all... 
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a year with every Westinghouse SA brake 


Westinghouse SA brakes adjust themselves. ..automatically 


Westinghouse magnetic brakes also offer you 
these important benefits: 1) dust-tight enclosure 
which eliminates cleaning of dust, dirt and metal 
particles . . . 2) automatic self-alignment which 
substantially reduces installation time . . . 3) safe, 
sure protection against dragging shoe tips and un- 
even lining wear, eliminating costly replacements. 

Ask your Westinghouse representative about 


DECEMBER 1959 


the many ways this new brake can benefit you. 
Or, write Westinghouse Electric Corporation, P.O. 
Box 868, 3 Gateway Center, Pittsburgh 30, Pa. 
Ask for Booklet B-6548. J-22114 


you CAN BE SURE...1F ITS 


Westinghouse 
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UNIVERSAL WINDING | E, 


COMPANY 
Safeguards 
Against 
NMNiotor 

Burnouts... 


by Specifying and Using 
3-Phase Motors with Built-in 
KLIXON PROTECTORS 

on UNIFIL Loom Winders 


The Unifil Loom Winder, introduced by 
Universal Winding Company after years of 
research and development work, is meeting 
unprecedented reception as a new concept of 
filling yarn preparation for the textile industry. 

This new machine has, since its inception, 
featured a KLIXxon-protected 3-phase motor. 

Universal Winding, like many other manu- 
facturers, has found that motors with built-in 
KLIXON Protectors: 


e Eliminate motor burnouts 


@ Increase motor output under adverse operat- 
ing conditions 
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e Simplify motor controls 
e@ Reduce motor installation costs, repairs and replacements 
e@ Save on production down time 
Because KLIXON 3-phase Protectors are responsive to 
both current and temperature, motors will not burn out 
from overheating . . . but instead they handle any load 
condition under any surrounding temperature condition. 
KLIXON Protectors safeguard motors against the 
following conditions: 
Prolonged overloads, unbalanced voltage, stalling, 
failure to start, increase in ambient temperatures, lack 
of ventilation, plugging or reversing duty, single-phasing. 
KLIXxON Motor Protectors are available for 3-phase 
motors ranging in size from fractionals up through 7!% h.p. 
Get full details from your motor salesman, or write for 
your copy of Bulletin PR-1243. Then specify motors with 
KLIXON Inherent Overheat Protectors. The savings you 
receive more than offset the slight additional cost. 


METALS & CONTROLS 


3612 FOREST STREET, ATTLEBORO, MASS., U.S.A 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


Spencer Products: Klixon® Inherent Overheat Motor Protectors 
Motor Starting Relays « Thermostats + Precision Switches « Circuit Breakers 
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NEMA to Expand by Fission 


TAKING ITS CUE from organization trends of 
large corporations, the National Electrical 
Manufacturers Association at its recent an- 
nual meeting (November 12) embarked on a 
plan of decentralization. Subject to confirm- 
ing letter ballot, it will arrange its 65 hetero- 
geneous product sections into eight related 
product divisions, each with autonomy ap- 
proaching that of a separate trade association. 

In its thirty-three year history, NEMA had 
almost doubled its membership and in the 
process had become unwieldly from an or- 
ganizational viewpoint. This streamlining by 
fission should result in a better esprit de corps 
within each division, in faster action and 
continued and perhaps more rapid growth. 
By broadening the former product scope pat- 
tern, the newly formed divisions can go be- 
yond established product sections to include 
branches of electrical manufacturers now out- 
side NEMA’s self-restricted province. Here- 
tofore the qualification for membership was 
that a company had to “manufacture for sale, 
in the open market, any electrical product 
within the scope of one or more Sections.” 
Under the new plan, the test of membership 
will be manufacture of a product falling with- 
in the scope of one of the Divisions as well 
as a product coming within the scope of a 
Section. The present definition of an electrical 
product is broad enough to include home ap- 
pliances, commutators, motors and steam tur- 
bines, to name but a few. 

Reading between the lines, we can envision 
some of the problems in assigning the product 
groups to different Divisions. Do large-size 
generators belong with motors and (small) 
generators, or with steam turbines? (With 
the former, in the new setup). The test of 
common manufacturing techniques appeared 
to prevail rather than common markets or 
component end-product aspects, although 
there are exceptions, as in aligning brushes 
and commutators with motors. 

It makes sense to bring Industrial Control 


into the same tent with the more sophisticated 
Industrial Automatic Systems and with Motors 
that handle the drive functions of the systems. 
As a result there should be a greater aware- 
ness of what each other product group has 
been doing in such closely related technical 
areas. The Motor and Generator Section has 
concurrently reorganized itself into more 
logical sub-sections, combining integral and 
fractional-horgepower a-c motors, for example, 
as one subproduct group. These three and 
twelve other product sections are in the new 
Industrial Equipment Division. 

Autonomy will be attained by letting each 
Division name its own board of directors, 
with a divisional vice president on the overall 
NEMA board. The latter had grown in size 
(over 40 members) to be cumbersome and 
yet not truly representative of the interests 
of all the product sections. Faster action can 
be expected on such matters as codes and 
standards, since not so many wheels need turn. 

To the design engineer, NEMA’s most im- 
portant function has been the development 
of product standards, some 200 to date. 
Standards for motors and industrial control 
are well known to ELECTRICAL MANUFACTUR- 
ING readers. Many NEMA standards have gone 
through ASA procedures to become American 
Standards. Others have gained outside ac- 
ceptance by being referenced in national codes 
and standards. NEMA has worked closely in 
updating the National Electrical Code and 
has cooperated with many other standardiz- 
ing agencies. We look forward to even more 
effective work in these areas. 

Streamlined for greater flexibility all 
around, NEMA should be in an alert position 
to meet today’s and tomorrow’s commercial 
and ‘technical challenges as America goes 
more and more electrical. 


Fanrk 9, CPi ag. 


Editor 





Magnetic Amplifier 


Computing Control Circuits 


The standardized building-block approach responsible for wide 


acceptance of switching magnetic amplifiers for static control logic 


has also been extended to linear precision amplifiers for analog 


circuits. Originally developed for military applications, these devices 


are now being applied to commercial and industrial equipment. 


This report details the basic amplifier package of one manufacturer,* 


design procedures for equation-solving circuits, and typical appli- 


cations. 


1—Amplifier Design 

THE PRECISION MAGNETIC AMPLIFIERS (sometimes called 
computing amplifiers) offered by Acromag are all of one 
basic design: they are composed of a precision transformer, 
matched silicon rectifiers and two matched full-wave, single- 
ended reactor assemblies connected in push-pull for polarity- 
reversing output. They are constructed as self-contained 
plug-in units, Fig. 1, and require neither special regulated 
power supplies nor gain or null adjustments. 

Operation. When the gate coils are saturated, each 
single-ended stage (Fig. 2) acts as a regular full-wave 
rectifying system and output is maximum. Output is con- 
trolled by resetting the cores from full saturation by apply- 
ing a d-c control signal, Fig. 3A. Gate winding, power 
supply and rectifiers are arranged to unblock each gate 
coil on alternate half cycles: while one coil is in its firing 
cycle, the other is in its resetting cycle and is responsive to 
control signals. 

Output waveforms, Fig. 3B, are similar to those of thyra- 
tron circuits except that there is a half-cycle delay between 
reset and firing. During core commutation, a small a-c signal 
at twice the supply frequency is induced in the control wind- 


* Acromag, Incorporated, 22519 Telegraph Road, Southfield (Detroit), Mich. 
This report was drawn from the design notes of chief engineer Henry W. 
Patton. 


Fig. 1— Construction details of self-contained computing am- 
plifier. 
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ings. In push-pull designs, this a-c signal cancels at null, 
but appears when amplifier is driven by a control signal. 
The a-c ripple may be ignored for practical purposes unless 
non-linear devices (diodes, etc.) are used in the control 
circuit; a filter choke or bypass capacitor should then be 
used. 

Since singie-ended amplifiers produce unipolarity out- 
puts (current does not flow backward through them), con- 
necting two such stages back-to-back provides push-pull op- 
eration. Quiescent operating signals cancel and, with perfect 
matching, output is zero for zero control signal input. Ac- 
curate component matching and stable magnetic materials 
make it possible to produce units with less than 0.01 per 
cent energy drift. 

Transfer Characteristics. For low-frequency control 
signals, Acromag amplifiers act as first-order-lag time con- 
stants. At their cut-off frequency, F,, the gain is —3 db 
down from the d-c and low-frequency values, with an output- 
to-input phase lag of 45 deg. 


F, = R,B, (1) 
where 
B, = amplifier bandwidth characteristics in cps per ohm 
of control loop resistance 
Ri, = control-loop resistance in ohms, including R,_, 
of winding 
If more than one winding is used, effective Rj), is the 
equivalent paralleled resistance of the separate loops. If 
windings have different gains, the resistance of one control 
loop must be reflected to the other winding by multiplying 
it by the ratio of the trans-impedances squared (see Z,, 
below). 
A more comprehensive statement of the input-output 
characteristics is given by the following Laplace trans- 
form (determined by standard measurement circuits de- 


scribed in AIEE Paper 58-899) : 


CoutS (Zm/Rip)e?- 


Cins (s/2rB;Riy) +1 (2) 


where 
s = Laplace operator 
Zm — amplifier trans-impedance in ohms (equal to out- 
put volts over control winding amps) and is used 
to describe amplifier gains 
The 0.00125 value is for 400-cps amplifiers. For 60-cps 
amplifiers the constant is 0.00833. Equation (2) is not 
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Control 
signal 


Power supply 


Half 


ntrol, microamp 


Fig. 3— Transfer curve (A) and output wave forms (B) of 
single-ended amplifier. 


accurate, however, when the frequency of e;, approaches 
or exceeds one-quarter of the carrier frequency. Typical 
values of Z,,, Ry-. and B, are shown in the accompanying 
table. 

Performance Variations. Amplifier performance 
changes slightly with environmental and operating con- 
ditions, but these changes can be allowed for in circuit 
design. 

Generally speaking, Z,, is constant within +5 per cent 
over large temperature and line-voltage changes. Gain loss 
due to lowered permeability of magnetic cores at low tem- 
perature is partially compensated for by reduced /R drop in 
the windings. 


115-volt 
power 
—O 





Fig. 4—Push-pull circuitry 
of typical computing ampli- 
fier consisting of two single- 
ended amplifiers back-to- 


back. 


With positive 
feedback 


Output, volts 


+75 Control ,microamp 


Fig. 5 — Transfer curve of typi- 
cal computing amplifier. 


Control-circuit resistance also has some effect on Z,,. 
Very small values of R;, increase Z,, slightly; large values 
decrease Z,, slightly. When precision is critical (e.g., po- 
tentiometric or integrating amplifiers), slightly improved 
performance can be obtained by “trimming” the positive 
feedback resistor. 

The copper windings change resistance by 0.4 per cent 
per deg C, or about 60 per cent over the range —65 to +100 
C, but this is not significant except when the major portion of 
Rj, is copper. 

Small gain changes (approximately 3 per cent increase 
from rated load to open circuit) are produced by amplifier 
internal 7R drops with different loads. The saturated and 
linear output voltages increase with larger load resistances. 
Loads of less than rated resistance produce lower gain and 
lower output voltage, and should be avoided. 


Summary of Characteristics of Acromag Computing Amplifiers (Partial List) 


(Temperature range: —65 to +100 C) 


Model | 


No. | A Winding B Winding 


B; B; 
| Zm Ria-c cps/ Zm Ra-c cps/ Imax 
| ohms ohms ohm ohms ohms ohm ma 


400 cpse Standard 


0.016 
0.004 


405 | 25k 45 0.016 25k 45 
406 | 50k 200 0.004 50k 200 


407 | 10k 40 FB 100k 400 


400 cps. High accuracy 
410 | 25k 125 0.008 25k 125 
420 50k 500 0.002 50k 500 
430 10k 100 FB 100k 1000 





400 cps. High performance 
eee ‘ . 
454 | 25k 12 
455 50k 45 
456 100k 200 
457 | 20k 40 


0.064  @e i 
0.016 50k 45 
0.004 100k 200 
FB 5 | 100k 





60 cps - Standard 
615 25k 100 0.0032 50 
616 50k 200 0.0008 50 
617 | 10k 40 FB __ 50| 


Linear 
range, 
volts d-c 


Tolerances (stand- 


Output ard conditions) Application 


wails — i: ; 
Nom. Unbal- 
load, ance, 
ohms mv 


medium-gain summing 
high-gain summing 
integration, null detection 


medium-gain summing 
high-gain summing 
integration, null detection 





extra-fast summing 
medium-gain summing 
high-gain summing 
integration, null detection 








medium-gain summing 
high-gain summing 
integration, null detection 


1000 | +1 db 
1000 | +1 db 
1000_|__*1 db 
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2—Basic Circuits 


Signal Mixing 


Fig. 7— Magnetic signal mixing. Com- 
Fig. 6—Electric signal mixing, most mon ground not required; signals can 
common form of combining d-c input operate at different d-c potentials above 
signals at the summing point SP, is used ground. Polarities (dots) can be re- 
for input circuits with common grounds. — versed for subtraction. 


Fig. 12—Conventional potentiometric 
gain control (not recommended). Adjust- 
ment changes control-loop resistance and 
amplifier gain, impairing temperature 
stability and frequency response. 


Fig. 13—Recommended Ayrton gain 
control keeps impedance of control and 
signal loops fairly constant. (Negative 
feedback gain control is also recom- 
mended; improves linearity and stability 
but requires magnetic mixing for input- 
output isolation.) 


Fig. 14— Series gain control gives maxi- 
nium possible frequency response at each 
setting, but adjustment changes amplifier 
cutoff frequency. 


Fig. 15 —One of many possible multiple 
gain-control and signal-mixing configura- 
Fig. 13 tions. 


Amplifiers with Positive Feedback 


ntrol, microomp 





= — Control, microaom 
Fig. 18 — Positive-feedback arrangement. oe 


Decreasing Ry» increases amplifier gain 
to “critical” point, beyond which am- 
plifier triggers and goes bi-stable. 
— 
Fig. 19—Transfer curves for (A) normal operation with little 
or no positive feedback, (B) critical feedback useful for 51 | Control, 
comparison circuits and (C) over-critical feedback useful 4 microamp 
for circuits which must give a definite “yes” or “no” output 1 
to a slowly varying input as, for example, a relay preampli- 


Lead and Lag Networks 


O.) uf 


Fig. 8—Recommended direct-lead net- 
work uses capacitor shunt across part of 
mixing resistor. Low-pass filter in a nega- 
tive-feedback loop serves same purpose. 








Fig. 20— Maultivibrator circuit obtained 
by adjusting Ry» for over-critical feed- 
back and adding coupling capacitor. 
[For amplifier identification (e.g., model 


fier. (C) 405) see table in Sec. 1.] 
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Fig. 9—Rate (differentiating) networks 
are conventionally constructed of RC 
series circuits in the control input loop. 


Limiters 


diodes 


Fig. 16—Zener-diode circuit to limit 
maximum output. Output signal is modu- 
lated so low-pass RC filter is necessary. 
Values shown are for 400-cps operation 
into 1000-ohm load. Adjustable limiting 
is obtained by placing a potentiometer 
across the load, with the variable tap 
connected to the Zener diodes. 


Fig. 21—Potentiometric voltage amplifier. Feedback is adjusted 
for critical operation, so 2 or 3 amp through B winding drives 
amplifier from full plus to full minus output. Feedback tends to 
keep ein equal to voltage across R, so e@our equals ein (R, + 
R,)/R, within 0.1 per cent of full scale. 
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Fig. 10—Lag network for filtering or 
servo stabilization by negative feedback 
through high-pass filter. Either electric 
or magnetic mixing can be used. 


7 


Fig. 11— Combined lead and lag net- 
work. (An example of transfer-function 
implementation is given in Sec. 3.) 


18.6 volts 


(8, C &D are with applied clamp 
voltages os shown) 


Fig. 17 — Diode-biased limiter has great flexibility but requires an iso- 
lated d-c supply to unblock the diodes. Limiting is obtained at half the 


applied d-c blocking voltage plus the diode’s “knee 


” 


voltage (curves). 


Low-leakage silicon diodes are best; leakage of germanium diodes in- 


troduces errors. 








Fig. 22—Integrating amplifier using positive feedback through 
winding (A) and negative feedback through capacitor to sum- 
ming point of winding loop (B). (See “Basic Integration Proc- 
ess,” Sec. 3.) 
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3—Equation Solving 


Elementary Example* 
Set up the following equation using computing amplifiers: 
Cour = 2X — 3Y + 5Z 
Since this equation requires a maximum gain of no more 
than 5, a standard, medium-gain amplifier such as Model 
405 is suitable, where (from table, page 103): 
Zma = 25k Zmb = 25k B; = 0.016 cps/ohm 


To determine mixing resistor sizes: 


€out = voltage gain =~ 

Rip 
Assuming negligible source and control-winding resistance: 
25k 25k 
+2 +5 
and the resistances are 12.5k, 8.33k and 5.0k ohms. The 
negative value of the Y term is obtained by reversing coil 
B, Fig. 23. 


= Phas =— _ Ras = 


* Note: The procedures outlined in this section are based on the specific design 
data listed in the table in Sec. 1. 


Simultaneous Equations: Method | 


To demonstrate the design versatility of computing 
amplifier circuits, the following equations will be solved two 
ways—first by straight summation, and secondly using com- 
bined positive and negative feedback. 

3X+2Y=9 
¥+ Y=2 


First, solving the equations for XY and Y, respectively: 


The solutions can be expressed schematically as in Fig. 
24. The X amplifier sums the output from the Y amplifier 
(attenuated by *$) with the 3-volt signal. The Y amplifier 
sums the output of the Y amplifier and the 2-volt signal. 
Minus signs are handled by reversing control coils. 


ge a ios 
2 a 
405 >——_ +4 
2 
+3 a +2 


Fig. 24 
¥=3 


-Computing building blocks for X —=3—2Y/3 and 


X. 


(Fig. 25) yields “answer” of X = -++5 
3. The RC filter circuits shown remove the 800- 


Final circuit 


and Y = 


Simultaneous Equations: Method 2 


The preceding problem can be solved more accurately 
(but with lower frequency response) using the circuit of 
Fig. 26 as a building block. Here the amplifier is regener- 
ated to “critical” by positive feedback to winding A, and 
winding B is used as a null detector to keep point SP at 
or near zero so that 
Jein] _ [eouel 


as 
tin - * bn 
Rin a and | es Ry 


For the problem given, 10k is a logical choice for R,y, 
as shown in Fig. 27. Frequency response of system is low 
enough that filters can be eliminated. Other sizes of resistors 
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Fig. 23—Circuit for e = 2X — 3Y + 52Z. 


out 


Resistances of windings A and B are only 45 ohms, and can 
be neglected. If source resistances are significant, their 
values will have to be subtracted from the calculated re- 
sistances to determine corrected values for the mixing 
resistors. 

Frequency response can be determined using Eq (1) of 
Sec. 1 after first determining effective loop resistance. 


1 
~ 4/12.5k + 1/8.33k + 1/5k 
2500 X 0.016 = 40 eps 


=2.5k 








25k 
2 volts 


Jil ah Common ground 
+ 





Fig. 25 — Final circuit for solving given equations by straight 
summation, 


cps output ripple and improve system accuracy. Without 
filtering, the bandwidth obtained by using large mixing 
resistors would make the amplifiers try to follow the ripple. 
Exact size of filter components is not critical. 


Fig. 26 — Negative-feedback computing circuit. 
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may give better results, depending on the model of amplifier 
used, accuracies and gains desired and the required fre- 
quency response. 

Problem Scaling. If values for X and Y had been less 
than 0.75 volts or greater than 7.5 volts, accuracy consider- 
ation would have dictated circuit changes to avoid opera- 
tion near zero output or near saturation. This could be done 
by letting the output analog voltage equal, say, 10X (or 
0.1X) and multiplying the input voltages and dividing the 
output voltages by the same factors. Any convenient number 
(2, 5, etc.) can be used for scaling. 


> 
Fig. 27—Solution of simultaneous equations using the circuit 
of Fig. 26 as building blocks. 


Basic Integration Process 


Integrating with magnetic amplifiers is similar to in- 
tegrating with vacuum-tube amplifiers, except that magnetic- 
amplifier integrators use positive feedback as shown in 
Fig. 22 (Sec. 2). Accuracy depends on having an amplifier 
with large stable gain and accurate values of R,, and C. 

The charge on a capacitor relates to the terminal voltage 
as follows: 

q = Ce 
Also, by definition, 


ie 
q - | idl 
0 


where i, is the capacitor charging current and q = 0 at 
t = 0. 
As long as the summing point SP (Fig. 22) remains at or 


near zero, the voltage across the capacitor equals e 
the circuit input current is 


ou 


, and 


Cin 
Rn 


lin 


In an ideal situation, i,, =i 


in 


t 
e; 
Ceout - f- — dl 
i Re 
1 t 
Cout = maf ejndt 


In an ideal situation, i;,, —i,, so 
the input voltage (when the amplifier is operating below 
saturation). 

Integration Accuracy. Since i;,, of Fig. 22 equals i, 
+ i,, “perfect” integration requires that i, be zero. Ac- 
curacy of integration can be estimated by calculating i, 
and determining its contribution to the integrating errors 
introduced by resistor and capacitor tolerances. 

Excessive regeneration in the circuit of Fig. 22 does in- 
troduce some error, but insufficient regeneration also in- 


o 


Transform Generation: Building Blocks 


Transforms for servo amplifiers, etc., can be generated 
using magnetic operational amplifiers in basic building 
blocks to implement the equations. 


Integration with Polarity Reversal. For the cir- 
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Fig. 28 — Positive integrating circuit. 


creases the balancing current, i,. If regeneration setting is 
over-critical, amplifier output drifts toward saturation. If 
positive feedback is under-critical, amplifier output drifts 
toward zero. A practical procedure for minimizing i, in 
actual circuits, because of small non-linearities in the trans- 
fer curve, is to adjust the feedback to follow the ideal 
critical value for as much of the linear portion of the 
transfer curve as possible—and then let the regeneration be 
slightly more or less than critical, depending on the actual 
point of operation. 

Integration Polarity. The circuit of Fig. 22 yields an 
output of polarity opposite to that of the input signal, as do 
vacuum-tube integrators. Integration without polarity re- 
versal is impossible with vacuum-tube circuits since input 
and output circuits must be out of phase to prevent oscilla- 
tions. Magnetic integrating amplifiers, however, are not re- 
stricted to three-terminal network configurations. It is pos- 
sible to feed the input signal to one control winding and 
connect the feedback to another winding, as in Fig. 28, to 
get integration without polarity reversal. This freedom en- 
joyed by magnetic amplifiers makes it possible to simplify 
actual designs where polarity inversion is undesirable. 


cuit of Fig. 22 using a Model 407 amplifier (Z,,, —= 
ohms; Z,,,, == 100k ohms) the transfer function is 


—Cin - Cout 7 4 ’ 
Cout = — Z mb +R Zms — Cout Z mb Cs 
m I 





where 


This can be solved as 


Cout = = i —_ 
Cin 
i fo 
For best integrating purposes, the positive feedback re- 
sistor, Rp, is adjusted to equal Z,,, and the equation simpli- 


fies to 


Cout = —Zmb_ 


a ts, RO ( ~) 


so that 


- —le 


Cout = R.3 Cin 
al 


Transform Generation: Typical Problem 


The building blocks described above can be combined to 
generate transforms of the following type: 


—€Cout 


out _1+0.05s 
ein (0. 1s)? 


which can be restated 


100; 
—_— + Sein 


—S€out = 

This equation says: “The negative of the first derivative 
of the output voltage equals 100 times the input voltage 
integrated with respect to time plus 5 times the input 
voltage. The result is again integrated and inverted to obtain 
the output voltage.” Figure 29 diagrams the operations to 
be performed. 

If R,, is chosen to be 10k ohms, the output of the first 
integrator is 10e,,,/s. The second integrator is used to sum, 
multiply, integrate and invert. As 10e,,,/s must be multiplied 
by 10 as well as integrated, R, is chosen to be 10k ohms, 
and as e;, must be multiplied by 5, R, is chosen to be 20k 
ohms. The full circuit is shown in Fig. 30. 

If R, is removed, the circuit satisfies the equation 


100ein 


—Cout ™ 52 
‘ 


If R., is removed, the circuit generates 


4—Typical Applications 


Thermistor Amplifier 


As preamplifiers to operate relays or power magnetic ampli- 
fiers from the relatively weak signals of thermistors (as 
temperature-regulating systems for stable gyro platforms, 
accurate temperature baths, etc.), computing amplifiers can 
be operated in either proportional or on-off control modes 
by selecting R,, for linear or bi-stable operation. Propor- 
tional systems are most accurate but are larger and more 
expensive than on-off systems. A power amplifier is re- 
quired to amplify the 100-mw d-c signal from the preampli- 
fier. For on-off systems with up to 10g shock and vibration, 
the preamplifier can operate a relay directly. For 50g ap- 
plications, an additional small power amplifier stage driving 
a shock-resistant relay is recommended. 
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Integration without Polarity Reversal. For the 
circuit of Fig. 28 using a Model 406 amplifier (Zing = Zmo 
== 50k ohms), the transfer function is 


ej t - 5 
Cout => - RZ" + 7 ——Zmna" — out Zab Cs 


7 eae 


Again, for best accuracy, Ry, is set equal to Zp (and, 
in this case, Z,,,) and the equation simplifies to 


Petite (=) 
ein DRC \s 


ae. 
Ras 


Cout = 
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Sweep Generator 


For testing precision magnetic amplifiers, a highly reliable 
circuit was designed using two operational amplifiers, one 
connected in a bi-stable configuration and the other as an 
integrator. When power is applied, positive feedback through 
winding A of first amplifier “triggers” it to full positive (or 
negative) output. Second stage integrates the “step” to pro- 
duce a linear ramp sweep signal which continues until the 
amplifier’s output reaches saturation. Generator is reset by 
momentarily closing switch S to re-trigger first stage to op- 
posite polarity. Shunting integrating resistor with low-leakage 
silicon diode reduces RC time constant for retrace signal. 
Generator output drives X-axis of X-Y recorder and serves 
as input to amplifier under test. Test amplifier output drives 
Y-axis. Recorder automatically plots input-output transfer 
curve to within +0.25 per cent. (Figure 5 is an actual plot.) 


Relay Contact-Resistance Tester 


For measuring relay-contact resistance during relay life 
tests, circuit shown uses computing amplifier adjusted to 
“critical” to indicate if voltage drop of contact pair under 
test is greater or less than 100 mv. Reading time is less than 
1 sec and accuracy within 10 mv contact drop under load. 
System withstands 1000 times overload without damage and 
with almost immediate recovery. If contact drop is 100 mv 
or less, output is negative. When contact drop is greater than 
100 mv, output goes positive. Output is also positive when 
test contacts are open; however, signal used to actuate relay 
coil can also be used to inhibit output device when contacts 
are not closed. Resistance between c and d is adjusted to 
draw rated relay current. Resistance between a, b, c sets 


Velocity Servo Circuit 


Arrangement shown has been used to stabilize speed of 
helicopter rotors and precision film drives of aerial cameras. 
Frequency detector is a commercially available device trade- 
named Cyclemag. Positive feedback around input amplifier 
increases low-frequency gain and enhances system accuracy. 
Under favorable circumstances, speed accuracies of 0.1 per 
cent have been achieved in systems of this type. 


Automatic-Pilot Pitch Controller 


This circuit typifies a combination of several “basic cir- 
cuits” (Sec. 2) in one package. First amplifier takes its 
signal from the instrument landing system (ILS) radio re- 
ceiver, isolates the signal from ground, filters it, amplifies 
it, limits it and delivers its output to an Aryton gain control. 
The second amplifier electrically mixes the two gyro signals, 
magnetically sums this combined signal with that of the 
first amplifier and delivers its output through a lead network. 
Complete circuit shown weighs 1.3 lb, draws 4 watts at 115 
volts and 400 cps, can be packaged in a 3.5 x 1.4 x 4-in. 
module. 
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test limit value. Resistance a, b limits control coil current to 
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Gyro or Position Pickoff 


An isolation problem is frequently encountered in aircraft 
with gyros or other position feedback transducers using 
d-c potentiometer pickoffs. An isolated d-c supply is required 
to ground one side of the input circuit. The 28-volt d-c 
system of the aircraft would be convenient, but with tube 
or transistor systems a biasing problem is presented as the 
null point is 14 volts above ground. Magnetic amplifier iso- 
lation eliminates an extra power supply or inconvenient 
grounding arrangement—and also permits magnetic mixing 
of other signals in the same amplifier. 


Electrohydraulic Servo Amplifier 


Servo valve applications require amplifier with reasonably 
stable and linear d-c to d-c amplification with fast time 
response for good phase margins. Circuit shown has been 
tested with several commercially available valves, and band- 
widths up to 50 cps at —3 db down have been achieved 
with 400-cps high-performance amplifiers. Capacitor sizes for 
lead networks are determined by testing amplifier-valve 
combination. 


Repeating and Isolation Amplifier 


The original design of a transport aircraft instrumentation 
system used an OMNI navigation receiver which was limited 
to a maximum load termination of 333 ohms. Adding more 
loads required expensive modification until the repeating 
amplifier circuit shown was developed to permit driving 10 
additional loads from the original-design receiver. For this 
application it was desirable to show the response of the cir- 
cuit, so one winding was deliberately short-circuited, elimi- 
nating the need for capacitors. 


Voltage Comparator 


The isolated input windings of a computing amplifier permit 
its use as a differential voltmeter to measure voltage dif- 
ference between a standard and an unknown voltage, as is 
frequently required in missile checkout systems or for in- 
dustrial monitoring. Sensitive voltage discrimination (to 2 or 
3 mv) can be obtained by sizing R,, to raise amplifier gain to 


D-C Voltmeter 


Computing amplifiers make versatile voltmeters. The extra 
control winding can be used to offset the zero for scale 
expansion (or suppression) or zero-center scale operation. 
To measure negative input voltage without opening input 
circuit, a simple DPDT switch can be used to reverse the 
meter signal. Circuit withstands 1000 times input current 
overload and provides input-output isolation. 
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Materials and Techniques 
For High-Temperature 
Electrical Connections 


Solder alloys, soldering techniques, automatic processes, 


mechanical connections, brazing and welding are discussed. 


D. W. HEROLD 

Senior Manufacturing Development Engineer 
Convair Division of 

GENERAL Dynamic Corporation 

Pomona, California 


How TO PROVIDE a good, reliable electrical connection 
is a perennial design problem. Reliable high-temperature 
connections are a special phase of the subject, particu- 
larly important in aircraft and missile application. Join- 
ing materials and techniques will be discussed in this 
article. Table I shows the temperature span of commonly 
used joining methods. 


High-Temperature Solders 


The use of tin-lead solders is usually limited to 250 F 
since, above this temperature, strength and _ reliability 
fall off rapidly. Other solders are available that have 
service temperatures up to 500 F. Some of these solders 
are listed in Table II. Two solders are recommended for 


use up to 350 F. One of these, the tin-silver eutectic, is 
comparable to 60/40 tin-lead solder in its uses and ap- 
plications; in most cases it can be directly substituted. 
It is only slightly more difficult to apply than 60/40 
tin-lead solder. The second solder, 95 per cent tin, 5 
per cent silver, has the same general properties as the 
eutectic except that its reaction is more sluggish. It is 
used at Convair-Pomona for induction soldering. 

Tin-antimony solder, commonly known as refrigeration 
solder, has good strength at both high and low tempera- 
tures. It is free flowing, easy to use, and is satisfactory 
for 400 F service temperature. One disadvantage is to 
be noted: since it contains no silver, this solder has a 
tendency to scavenge silver from adjoining components. 

Another solder alloy with 400 F service temperature 
is 10 per cent tin, 2 per cent silver and 88 per cent lead. 
This alloy provides good strength and corrosion resist- 
ance under humid conditions, but is less fluid than tin- 
antimony. It is usually preferred to tin-antimony for 
making electrical connections. 

The first preference for use at service temperatures 


Table |1—Temperature Limits of Various Types of Electrical Joints, deg F 


Welding 


Tr aT] 
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Beets eT] 
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up to 500 F is an alloy of 1 per cent tin, 1.5 per cent 
silver, and 97.5 per cent lead. A eutectic alloy that melts 
and flows at 588 F, it is recommended because of its 
high strength, superior corrosion resistance, and good 
shelf life. 

In the past, there has been much interest in lead-silver 
alloys containing 2.5 per cent silver and 5.5 per cent 
silver. These alloys, however, have been tested and 
found to be less desirable for electrical connections than 
the tin-silver-lead eutectic alloy. There is evidence that 
under certain humid conditions the lead-silver joints may 
lose some of their strength or show other defects. 


Soldering Methods 


In most applications, standard joining techniques can 
be applied to high-temperature solders. For example, the 
soldering iron and the solder bath (the two most popular 
methods for tin-lead alloys) are used widely for the high- 
temperature materials. But, in certain applications, new 
and improved techniques are essential. 

@ Resistance soldering is one of the newer methods 
that is gaining rapidly in favor. The solder melts and 
flows when a large current is passed through an assembled 
solder joint. This method is fast, easy to use, and the 
heat is generated precisely where needed. 

@ Induction soldering is a fast and efficient method 
which is being applied at Convair-Pomona for joining 
terminals and sockets to printed-circuit boards. The high 
heat input required for melting high-temperature solders 
makes induction soldering particularly adaptable in many 
applications. 

@ Resistance fusing provides still another method for 
joining components to circuit boards. Two principal steps 
are involved: 

1. Plated components are inserted into drilled holes in 

the circuit board and are mechanically clinched in place. 

. The components are then clamped between electrodes 

and sufficient current and pressure are applied to 


fuse the plating on the circuit board to the plating 
on the component. 


Fig. 1 (left)—Close-up of a dip-sol- 
dering machine that can be readily 
converted to use high-temperature 
solders. Printed-cirevit ‘boards with 
attached components are shown being 
lowered into the molten-solder bath. 
After being soldered, the assemblies 
are inspected and are ready for use. 


. 


Fig. 2 (right)—Spot welding applied 
to electrical connections in an air- 
borne electronic assembly: a tweezer- 
type hand-gan with a capacitor-dis- 
charge power supply is being used to 
weld a miniaturized component of an 
autopilot assembly. 


A highly reliable connection is produced. Heat is gener- 
ated only in the solder itself and in the plating in the 
area being joined (on advantage over standard solder- 
ing methods). Moreover, the joint is held under pres- 
sure until it has cooled. Resistance fusing requires no 
added solder material, whereas resistance soldering 
does. 

@ Ultrasonic soldering devices are also being de- 
veloped. One device employs ultrasonic vibrations to 
remove oxide deposits and cleanse the parts to be joined. 
No flux, therefore, is needed. Normal heating methods 
are used for the actual soldering operations. Also avail- 
able is a dip-soldering pot that uses ultrasonic means 
for surface-cleaning purposes, but obtains a heat supply 
from a hot plate. 


Automated Soldering Processes 


The widely used automatic dip-soldering techniques 
can be readily adapted for high-temperature solders (see 


Table li—Properties of High-Temperature Solders 


beets Melting point, 
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Sn 96.5 
Ag 3.5 


7 | Flow point, 
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Ag 5 
Sb 5 Sn 95 
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QQ-S-571 aoe) 
pv 


Ag 2.5 
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Ag 15 
QQ-S-571 
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Ag 5.5 
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*Federal Specification QQ-S-57lc, May 16, 1957. 
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Fig. 1). An automatic resistance-soldering method is also 
under development. In this method, components are as- 
sembled, located in a fixture, two probes (or electrodes) 
approach the joint, solder and retract automatically. After 
completion of each cycle, the assembly is indexed to 
the next position. 

Resistance fusing methods should also be considered 
for automated processes, since the problem of adding 
solder has been eliminated and operations such as the 
insertion and positioning of eyelets and terminal pins 
have already been automated. Also well suited to auto- 
mated processes is the method of soldering by induction 
heating, since there is no heating element in physical 
contact with the parts being soldered. 

Several automated methods are available for the addi- 
tion of solder and flux during assembling operations. 
These methods include the use of preforms, solder pastes 
and an automatic wire feed. 


Mechanical Connections 


Methods such as the terminal screw, clinching and 
crimping may be used for mechanical connections in 
electrical circuits for elevated temperature service up to 
300 F, possibly at higher temperatures. These methods 
are often used in conjunction with solder. 

The automatic wire-wrapping technique and associated 
equipment has received considerable attention.* A wire 
is automatically twisted around a square or rectangular 
terminal pin. The mechanism of plastic deformation is 
utilized for attaining a holding action. At present this 
technique is useful for applications up to approximately 
300 F. 

Electrical connectors available for 500 F service tem- 
perature use a tapered pin driven by impact into a 
similarly tapered hole for the electrical connection. This 
tapered-pin technique shows promise of being useful at 
much higher temperatures. 


* See “Wrapped Electrical Connections Made Automatically,” S. J. Begun et al, 
Evecrrican Manuracturinc, December 1956, p 126. 
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Brazing 


Brazing techniques are easily adapted to high-tempera- 
ture electrical connections. These techniques offer such 
advantages as good electrical conductivity, high strength, 
and good corrosion resistance at service temperature of 
1000 F or more, depending on the brazing alloy selected. 
Many standard brazing filler materials have melting points 
that range from 1125 F to 1981 F. Brazing temperatures 
recommended for these alloys range from the liquidus to 
200 F above the liquidus. Service temperatures are usually 
150-300 F below the solidus point. 

Special alloys can be produced to satisfy almost any 
condition: For example, a variation of the silver-copper 
eutectic with up to 12 per cent titanium is used for metal- 
to-ceramic and ceramic-to-ceramic bonding. 

Methods for making brazed joints include the brazing 
torch, the bath, resistance heating and induction heating. 
The method to be used should be determined in the pre- 
liminary stages and the assembly designed to suit. 

Owing to the problems and complications involved 
with brazing of electrical connections, this method of 
joining is sometimes overlooked. This is unfortunate 
because brazing can solve many of our high-temperature 
joining problems, especially with parts in the experi- 
mental stages or when production quantities are limited, 
since the only equipment required is a brazing torch. 


Welding 


Since the ideal electrical connection for high-tempera- 
ture service is one that utilizes only the parent materials, 
the logical solution to the problem is welding. Basically, 
a welded connection would have the same properties as 
the materials that are involved—the same strengths, cor- 
rosion resistance and conductivity. The service tempera- 
ture of a welded joint is dependent on the parent materials. 

There are several techniques of welding that can be 
used, such as resistance spot, series spot, ultrasonic, per- 
cussion, and carbon arc. As with brazing, the selection 
of the optimum method should be made in the prelim- 
inary stages and the assembly designed to fit the method. 

Resistance welding of electrical connections can be 
performed in an ordinary spot welder if the part is so 
designed. This is a favorite method with many companies. 
Variations of this method include projection welding and 
crossed-wire welding. Sometimes it is more convenient 
to take the electrodes to the work. These electrodes are 
usually in the form of tweezers that exert a measured 
amount of pressure and apply the necessary current. One 
such tweezer-type welder using the stored-energy, capaci- 
tor-discharge principle will weld foil material as thin as 
0.0003 in. and crossed wires as small as 0.0001 in. diam. 

When only one side of a joint is accessible, a technique 
known as series-spot welding may be used. The electrodes 
are placed a short distance apart in series with the ma- 
terials to be joined, the current is discharged through 
the joint, and two weld nuggets are formed. The path 
of the current, instead of following a straight line 
through the joint, is actually U-shaped. A stored-energy, 
capacitor-discharge unit provides the power source. (See 
Fig. 2.) 

Convair-Pomona has had limited success with series- 
spot welding in printed-circuit applications. Factors such 
as the internal resistance of the wire, plating on the wire 
and boards, and the thickness of the parts are critical. 

(Continued on page 186) 
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Aluminum — 


Its Electromechanical Function in Design 


Table 
Aluminum 


Product 


Appliances 
Air conditioners 
Electric irons 
Refrigerators 
Vacuum sweepers 
Clothes driers 
Electric mixers 
Sewing machines 
Toasters 
Electric ranges 
Radio and tele- 
vision sets 
Antennae 
Capacitors 
Cooking utensils 


Control equipment 


Electric hand tools 


Electronic equipment 


Incandescent lamps 


Instruments 


Heat exchangers 

Space heaters 

Ovens 

Lighting fixtures 

Wiring devices 
Lampholders 
Outlet boxes 


Ventilating equip- 
ment 


Transformers 


Hardware and fast- 
eners 


Motors 


Instruments and 
controls 


General electrical 
equipment 


| — Electromechanical 


Cabinets, 


| Screws, 


Applications of 


Specific uses 


| Coils, fins, housings, fan shrouds, pans 
| Sole plates, hoods 


Coils, fins, pistons, rods, bearings, 
shelves, trays, compartments 


| Housings, tanks, wands 
| Liners 

| Diecast housings 

| Motor housings 

| Formed housings 


Reflector pans, liners 


| Cases, shields 


| Masts, elements, guy wire 


| Impacted/drawn cans 


Bowls, fry pans, accessories 

Housings, mounts, bases, panels, name- 
plates 

Diecast housings 

shields, heat sinks, name- 
plates, wave guides, junction boxes 

Bases 

Cases, pointers, dials, shields, name- 
plates 

Tubes 


Cabinets, reflectors 


| Reflective insulation, liners, pans 


Reflectors, hoods, luminaries 


Socket shells, screw shells 
Screw shells, wall plates 


Hoods, grilles, housings, duct work, fan 
blades and housings 


Core clamps, cases, cooling devices, end 
frames 


nuts, bolts, rivets, fittings, 


clamps 


| Gears, rotors, covers, housings, bearings, 


bushings 


Tubing, armored tubes, panels, name- 
plates 


| Structural materials, cable trays and 


racks, panels, bus enclosures, equip- 
ment enclosures, nameplates, chassis, 
junction boxes 


A report on electromechanical properties 
of aluminum and its alloys in the design 
of electrical components and equipment. 
Based on material supplied by Aluminum 
Company of America, the interrelation of 
properties, design and applications is ex- 
plained in the text and illustrated by 


graphs and charts. 


MECHANICAL PROPERTIES of aluminum, as applied to 
electrical equipment design, will be developed in this 
article. These properties include good workability, light 
weight, strength of alloys, good appearance, corrosion 
resistance, good finishability, high thermal qualities, heat 
and light reflectivity, and nonmagnetic characteristics. 

In utilizing groups of these qualities, an instance may 
be illustrated where aluminum motor housings have re- 
placed similar units made of cast iron. Here a greater 
strength-to-weight ratio, toughness and the superior 
heat-transfer properties of aluminum influenced a design 
change. Table I is a compilation of some specific ap- 
plications of aluminum. 


Fabrication and Choice of Alloys 


Aluminum and its alloys are produced in practically 
all forms in which metals are used. Properly selected 
alloys, in the proper tempers,* may be fabricated into 
end products with a wide latitude of design specifica- 
tions. Forming of alloys may be accomplished by all 
the accepted metal-forming processes. In general, the 
annealed or “O” tempers of aluminum are used for the 


“Key to Metals in 


*For a complete explanation of temper designations, see 
E ELecrricaL Manu- 


Design Engineering,’ S. H. Avner and H. E Barkan, 
FACTURING, May 1959, p 142. 
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more difficult forming operations. Less difficult forming 
operations may be done on cold-worked and heat-treated 
tempers. 

Alloys are available as rolled products, including plate, 
sheet, structural shapes, wire, rod and bar. The metal may 
also be extruded into an almost unlimited number of 
shapes, both solid and hollow. Casting may be done in 
steel molds by both gravity and pressure methods or in 
sand and plaster molds. Other fabricated forms include 
forgings, drawn tube, and impacts. In general, choice 
of fabricating procedure precedes the actual choice of 
aluminum alloy to be used. 

@ Wrought alloys. Table II lists some wrought alloys 
which may be applied to the design of electrical equip- 
ment; typical uses, chief characteristics and the forms 
commonly available are included. 

e@ Cast alloys. Since aluminum castings may be pro- 
duced by sand, die, permanent mold, semi-permanent 
mold, or plaster-mold processes, many features of the de- 
sign or the selection of alloys will depend on the choice 
of process. Much also depends on the number of 
pieces to be made and cost of the initial investment 
in tools. 

Castings produced in metal molds rather than in sand 
generally have a smoother surface and closer dimensional 
tolerances. The saving in machining may make perma- 
nent-mold or die casting more economical than sand 
casting, especially where the quantity required would 
justify cost of the mold or die. For large or intricate 
cored castings, sand molds are generally necessary. How- 
ever, the size and complexity of permanent-mold cast- 
ings are constantly increasing. 

The mechanical properties or strength of alloys cast 


in metal molds are, in general, higher than those of the 
same alloy cast in sand. This superiority obtains from 
the finer constituents in the microstructure and improved 
soundness which results from the more rapid rate of 
solidification. 

The selection of a casting process depends both on 
technical and economic considerations. Thus, the choice 
between the various casting processes must be made 
with a view to such functional design features as the 
size and shape of the part, minimum section thickness, 
tolerances, type of surface finish required, and amount 
of machining. 

@ Choice of alloys. The alloy selection should be made 
next, inasmuch as this decision will also have an in- 
fluence on the details of the final design. The choice 
of any given alloy should not be based on its tensile 
strength alone, as is frequently done. All properties hav- 
ing a material effect on the performance of the casting 
should be considered. Table III is a compilation of the 
physical and mechanical properties of some typical alu- 
minum alloys. Yield strength, elongation, resistance to 
corrosion and mechanical properties at elevated tempera- 
tures are other significant design parameters. Table IV 
indicates alloys, method of fabrication, and character- 
istics for cast parts used in design of electrical equipment. 

@ Machinability. Aluminum is readily machined. Ma- 
chinability is a broad term which includes considera- 
tions such as ease of cutting, chip characteristics, quality 
of finish and tool life. Many of the aluminum alloys 
can be cut at high speeds. The chips are small, smooth 
surfaces can be produced readily, and tool life is long. 

It is frequently impossible to attain optimum per- 
formance in all of the factors which comprise machin- 


Table I!— Applications of Typical Wrought-Aluminum Alloys 


Alloy No. 


Typical uses 


3003 Cooking utensils, appliances | 


Chief characteristics 


Workability, weldability, resistance to 


Forms commonly available 


Sheet & plate, wire, rod & bar, 


3004 


2014 


2117 


2017 


5050 


5052 
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Special sheet-metal work 


Heavy-duty forgings, fittings, 


structural members 
Rivets 


Screw-machine products, fittings 


Refrigerator 
pose tubing 


parts, general-pur- 


Sheet-metal parts, appliances 


Sheet-metal parts, appliances 


Structures 


Alternate for 6061 alloy 


Intricate forgings, machine parts 


| 


| 








corrosion, low cost 


Higher strength than 3003, good re- 
sistance to corrosion 


High strength and hardness, moderate 
cost 


Highest strength rivet alloy requiring 
no heat treatment by user 


Good machinability, 
strength 


relatively high 


Intermediate strength, good finishing 
characteristics 


Good finishing characteristics, excel- 
lent resistance to corrosion, good 
strength 


Excellent finishing characteristics, ex- 
cellent resistance to corrosion, good 
strength 


Good strength and workability, high 
resistance to corrosion 


Equivalent to 6061 alloy in strength, 
better formability, lower cost 


Excellent forgeability, good strength, 
resistance to corrosion 





drawn tube and pipe, forgings 


Sheet & plate 
Rod & bar, rolled shapes 


Wire, rod & bar, rivets, heat-treat- 
able alloys 


Wire, rod & bar, heat-treatable 


alloys 


Sheet & plate, wire, drawn tube and 
pipe 


Sheet & plate, wire, rod & bar, 
drawn tube and pipe 


Sheet & plate 


Sheet & plate, wire, rod & bar, 
rolled shapes, drawn tube and 
pipe, rivets, forgings, heat-treat- 
able alloys 


Drawn tube and pipe 


Rod & bar, forgings, heat-treatable 
alloys 





Table Ill — Typical Properties of Aluminum Alloys 
a nl ete rnrarteneni ta aenteahtammmnmeaanensiapenaiaeinmgtommmmnnsiniatmna nants 


| 
Physical 


Alloy Mechanical 


1060 
.10 ,000 ,000 
2.70 
0.098 
1195-1215 


Temper Designations 


1060 a 
—H14 


Modulus of elasticity, lb/sq in.. 

Specific gravity 

Weight—Ib/cu in 

Melting range, deg F 

Thermal conductivity at 25 C 
(77 F) CGS units 


—0 —H18 
14, 000 | 19, ,000 
13,000 | 18,000 

12 | 6 
9,000 | 11,000 


10 ,000 
4,000 | 
43 | 
7 OPO 


1060 Tensile strength, Ib/sq in. 
Yield strength, lb/sq in 
Elongation—% in 2 in. (4%-in. sheet). 


Shear otrength, Ib/sq in 


0.56 (—0) 
0.55(—H18) 





Temper Designations 
- —- 3003 


_ 5008 


-10,000 ,000 
2.73 
0.099 
1190-1210 


———| Modulus of elasticity, lb/sq in.. 
j= Hi¢ —H18 | Specific gravity 
- —|— —| Weight—lb/cu in 
| 16,000 | 92 000 29, 000 Melting range, deg F 
6,000 21,000 | 27,000 Thermal conductivity at 25 C 
30 S1 4 (77 F) CGS units 
11,000 14,000 | 16,000 


| 0 


Tensile strength, lb sq in.. 

Yield strength, lb, sq. in.... 
Elongation—% in 2 in. (Vie-i in. 1. sheet). . 
Shear strength, Ib/sq. in. 


0.42 (—0) 
0.42(—H38) 


7 





Temper Designations 


3004 5050 


3004 


Modulus of elasticity, 
i 10,000,000 


| 0 | —H38 | 
Tensile mana, 
lb/sq in.. 35,000 | 41,000 | 21,000 |} 32,000 
Yield strength, 
lb/sq in. 
Elongation—% % in| 
2in. (4%-in. sheet) 
Shear strength, 
Ib/sq in... ‘ 14 


10,000,000 
2.69 
0.097 
1160-1205 


Specific gravity : 
Weight—Ilb/cu in... .0.098 
| Melting range, deg F.1165—1205 
29,000 | Thermal conduct. 
at 25 C (77 F) 
6 CGS units..... 


8,000 


..| 10,000 | 29,000 36,000 | 24,000 | 


.0.39(—0) 0.46 (—0) 
0.39 
(—H38) 


20 | 9 | 24 | 8 | 
| 


0 | 15,000 | 18,000 | 20,000 


16 ,000 o|1 is, 000 | 21,000 


Temper Designations 


5052 —_—_—_— 
10,200,000 
2.68 

0.097 
1125-1200 


re Modulus of elasticity, lb/sq in.. 
—0 | —H34 Specific gravity 

eeiiete tient —| Weight—lb/cu in 

28,000 | 38,000 Melting range, deg F 

Yield strength, Ib/sq in.... 13,000 | 31,000 Thermal conductivity 
Elongation—% in 2 in. (ei in. \. sheet)... 25 10 at 25 C (77 F) CGS units... 
Shear strength, Ib/sq in........ 18,000 | 21,000 


Tensile strength, Ib/ sq in.. 


.0.33 (—0) 
0.33 (—H38) 





24,000 


an aliaeailbsciian 


Temper Designations 


Ree 6061 

10 ,000 ,000 
2.70 

. 0.098 

. 1100-1205 


Modulus of elasticity, lb/sq in. 
Specific gravity 
| Weight—lb/cu in... 
Melting range, deg F 
Thermal conductivity 
at 25 C (77 F) CGS units... 


T6 


45 ,000 
40 ,000 

12 
30,000 


18,000 
8 ,000 
25 
12,000 


5,000 
,000 
22 
,000 


Tensile strength, lb/sq in.... 

Yield strength, lb/sq in. 
Elongation—% in 2 in. ('%-in. sheet) 
Shear strength, Ib/sq in..... 


.0.41 (—0) 
0.37 (—T4) 
404'- ~ 


43 (S & PM) «8 Gie) 


Modulus of elasticity, 

Ib/sq in..... . 10,300,000 
Specific gravity. . 2.69 
Weight—lb/cu in... .0.097 
Melting range, deg F.1065—1170 
Thermal conduct. 

at 25 C (77 F) 

cast 


CGS units. 
0.39—ennealed 


Alloy—aAs Cast 


43 (PM) 3 (die) 10,300,000 
2.69 
0.097 


1065-1170 


| e | 
| 43 (sand) 





23 ,000 33 ,000 
9,000 16,000 
10 | 9 
16,000 | 21,000 


Tensile strength, Ib/sq. in.. 19,000 
Yield strength, Ib/sq. in. 8,000 | 
Elongation—% in 2 in...... ive 8 
Shear strength, Ib/sq in... 14,000 0.34 


as 0.34 





ability. Thus, tools with rake angles designed for maxi- other alloys: chips will be small and there will be little 


mum ease of cutting and surface quality might produce 
cuttings having undesirable characteristics. 

Generally, the casting alloys containing principally 
copper, magnesium, or zinc can be machined rapidly 
and satisfactorily. For these alloys the tools may have 
smaller rake angles than are required for most of the 


or no tendency for the tools to leave a burr or for chips 
to build up on the cutting edge. Casting alloys having 
silicon as the predominant alloying element will machine 
best if the speeds and cuts are reduced and the rake 
angles increased. 

Of the wrought alloys, those which are heat-treated 
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1060 

(—58 — +68....... 12.1 

Average coefficient of thermal ex- « dhwede Pee 433 
pansion—in./deg F < 107° 68 — 902........ 13.6 
Oe Blac. oka 14.2 

3003 


Average coefficient of thermal ex- 68 — 212..... 12.9 
pansion—in./deg F X 107° 


Electrical conductivity 20 C (68 F) % of Inter- { 50 (—0) 





national Annealed Copper Standard 40 (—H18) 
3004 5050 
Average coefficient —58 — +68..... 12.0 34.2 
of thermal ex- 68 — 212......12.9 13.2 
pansion—in. /deg 68 — 392......13.4 13.7 
F X 107° GS — BIB 6:6 6 04 13.9 14.2 


Electrical conductivity 20 C (68 F) 
% of International Annealed { 42 (—0) 50 (—0) 
Copper Standard 42 (—H38) | 50 (—H38) 


5052 

( —58 — +68...... 12.3 

Average coefficient of thermal ex- OB: — B02... is 0 13.2 
pansion—in./deg F X 107° 68 — 392....... 13.8 
Ge = BER s six 05% 14.3 


Electrical conductivity 20 C (68 F) % of Inter- { 35 (—0) 
national Annealed Copper Standard 35 (—H38) 








6061 

( —58 — +68...... 43.1 

Average coefficient of thermal ex- | @—919....... 13.0 
pansion—in./deg F < 107° 68 — 392....... 13.5 
GB — $72....060 14.1 


Electrical conductivity 20 C (68 F) % of Inter- a =% 
national Annealed Copper Standard 43 (—T6) 


43(S&PM) 43 (die) 
Average coefficient of { 68 — 212... i7.3 12.3 
thermal expansion 1 68 — 392... 12.9 12.9 
in./deg F X 107% 68 ayes 13.4 13.4 
Electrical conductivity 20 C (68 F) 
% of International Annealed { 37—as cast 
Copper Standard | 42—annealed 37 





to improve their mechanical properties generally have 
good machining characteristics. Alloy 2011 is the most 
free-machining of the wrought aluminum alloys. It can 
be machined at high speeds with heavy feeds. Those 
wrought aluminum alloy products which are not heat 
treatable, but are dependent upon various amounts of 
strain-hardening for improvement of their mechanical 
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properties, are softer than the heat-treated wrought 
alloys. They can be machined most readily by tools hav- 
ing relatively large rake angles. Even the softest alumi- 
num, including high-purity metal in the annealed tem- 
per, may be machined with excellent results when large 
rake angles are employed and the tools are carefully 
polished. 


Corrosion Resistance 


Resistance of aluminum alloys to corrosion results 
from a thin film of aluminum oxide which forms under 
atmospheric conditions. This film, although thin, is highly 
protective and resists attack under many conditions of 
operation. Thicker films may be formed by chemical and 
electrolytic treatment. The film varies considerably, de- 
pending on the treatments received in the process of 
manufacture. 

Although the oxide film presents high corrosion re- 
sistance, other methods may implement this protection. 
These include cathodic protection, cladding,* anodizing,' 
electroplating and painting. 

@ Cathodic protection. The corrosion and stress-cor- 
rosion cracking of aluminum can be prevented through 
cathodic protection. This may be done by making the 
metal cathodic by utilization of an applied potential. 
Although useful as a laboratory demonstration, no im- 
portant practical application has been made of this 
method to date. However, it is practical to obtain cathodic 
protection by coupling the part to a more anodic metal. 

e Electroplating. Aluminum alloy products ordinarily 
should not be electroplated with most of the common 
plating materials because copper, nickel and chromium 
are cathodic to aluminum. Unless the coating is unusually 
heavy, electrolyte corrosion may occur through the pores 
in the coating. For improving wear resistance, changing 
the appearance, reducing the electrical resistance of con- 
tacts and to facilitate soldering, electroplating on alum- 
inum may be considered. 


Thermal Conductivity 


The high thermal conductivity of aluminum makes it 
particularly adaptable to such applications as condensers, 
heat exchangers and heat sinks. Lehigh University con- 
ducted extensive tests on aluminum’s heat transferability, 
proving it equal to or better in performance than com- 
petitive materials. 

The ability to extrude aluminum and put the metal 
where it will be most useful, such as fins on cooling 
tubes, adds to aluminum’s desirability as a heat-trans- 
fer material. With the trend toward miniaturization, 
aluminum is finding increasing use as a heat sink to 
dissipate heat from transistors, rectifiers and other elec- 
tronic components. Semiconductor devices are frequently 
attached to metal plates which act as cooling fins. Here 
the high thermal conductivity of aluminum is an impor- 
tant design consideration. 

High thermal conductivity is a prime reason for the 
use of aluminum in appliances. The ability of aluminum 
to move heat faster than other materials contributes 
to the even distribution of heat in the bowls of electric 
skillets and the sole plates of electric hand irons. The 
low specific heat of aluminum per unit of volume is an 


* See “Clad and Laminated Metals—Their Design Potentials,” Evectraican Mant 
FACTURING, June 1959, p 78. 

+ See “Design Characteristics of Hard-Anodize on Aluminum,” Ex.ecratcan Mant 
racrurtnc, April 1959, p 161. Also, “Electrically Conductive Chromate Surface 


Conversion Coatings,”” Evecraica. Manuractuntnc, February 1959, p 106. 
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added advantage in these applications. For example, 
fewer Btu’s are required to bring an aluminum sole 
plate to ironing temperature than are required for a sole 
plate made of the same thickness of iron. On refriger- 
ator applications, the use of aluminum cooling fins is 
predicated in part on the high thermal conductivity of 
the metal. 

Of equal importance, perhaps, is the extrudability of 
aluminum which enables the designer to develop shapes 


ideally suited for heat dissipation, taking full advan- 
tage of the high thermal conductivity and light weight 
of the metal. Figures 1 and 2 illustrate thermal and 
mechanical properties of aluminum at low and high tem- 
peratures. 

Cryogenics and Refrigeration. In coil applica- 
tions common in refrigeration equipment, the major re- 
sistances to heat flow from the air to the refrigerant 
are the boundary-layer effects of the air on the fins and 


Table 1V — Applications of Typical Cast-Aluminum Alloys 


Alloy 
No. Composition | 


Typical uses 


13. | Al-Si Large instrument cases, other large 


Chief characteristics Type of casting 


Good casting characteristics, corrosion Die 


| 


Al-Cu-Si 


Al-Cu-Si 


Al-Cu-Si 


Al-Cu-Si 


Al-Cu-Si 


Al-Si-Mg 


Al-Si-Mg 


Al-Cu-Ni-Mg 


Al-Zn-Mg 


Al-Zn-Mg 


Al-Sn-Ni-Cu 


Al-Sn-Ni-Cu 


intricate parts, and pressure-tight | 


parts 
Refrigerator shelf brackets and fit- 
tings, cooking utensils, general- 
purpose castings of thin sections 
Meter parts, bushings, bearing caps, 
pistons 


Fittings; commonly used for parts 
requiring strength 


Cooking utensils, fittings for chemi- 
cal use, hardware 


Reflectors and general-purpose cast- 
ings, castings requiring leak tight- 
ness and moderate strength 

Washing-machine agitators, general- 
purpose castings with pressure 
requirements 


Sole plates for electric hand irons 


Fittings, wheels, compressor connect- 
ing rods 


General-purpose castings 


General-purpose thin-walled castings 


Mactl-ine tool parts, pump parts 


Motor parts, general-purpose cast- 
ings 


Generator housings 


Sand castings: miscellaneous gen- 
eral-purpose castings, particularly 
for assembly by brazing 


Permanent mold castings: parts re- 
quiring assembly by brazing 


Bearings, bushings and other cast- 
ings requiring good bearing char- 
acteristics 


Small, heavily loaded bearings and 
bushings 


resistance and mechanical properties 


Excellent casting characteristics and 
pressure tightness, good weldability 
and very good resistance to corrosion 


Retains strength well at elevated tem- 
peratures, good hardness, machinabil- 
ity, wear resistance 


Fair casting characteristics with good 
machining properties, good combina- 
tion of mechanical properties 


Excellent resistance to corrosion and 
tarnish and excellent combination of 
mechanical properties, not pressure 
tight 


Good casting characteristics and pres- 
sure tightness, good weldability 


Modification of 112 alloy providing 
better pressure tightness 


High hardness in as-cast condition, good 
casting characteristics and good ma- 
chinability 


Modification of 195 alloy, good casting 
characteristics, machinability and 
weldability 


Excellent casting characteristics, good 
mechanical properties and corrosion 
resistance 


Good casting characteristics and me- 
chanical properties 


Excellent casting characteristics and 
weldability, good pressure tightness 
and corrosion resistance 


Excellent casting characteristics, me- 
chanical properties and _ corrosion 
resistance 


Good strength at elevated temperatures, 
good bearing characteristics 


High strength and ductility without 
heat treatment, very good machina- 
bility 


High strength and ductility without 
heat treatment, very good machina- 
bility 


Excellent bearing qualities with good 
compressive yield strength 


Higher compressive strength than 750 
alloy 





Sand, permanent 
mold, die 


Sand, permanent 
mold 


Sand 


Permanent mold 
Sand, perma- 
nent mold 


Permanent mold 


Permanent mold 


Die 


Sand, perma- 
nent mold 


Die 


Sand, perma- 
nent mold 


Sand 


Permanent mold 


Permanent mold 


Permanent mold 
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Fig. 1—Minimum tensile strengths of some aluminum alloys 
at selected temperatures. (Source: Aluminum Company of 
America.) 


the fluid inside the tubes. Even though the specific metal 
used for the fins and tubes accounts for only a minor 
percentage of the total resistance to heat flow, it is im- 
portant that the proportions and spacing of the fins be 
given careful consideration to obtain the best balance 
between operating efficiency and coil cost. 

The adoption of aluminum refrigerant tubing for 
cooling coils has lagged behind the rapid adoption of 
the metal for fins, primarily because of coil manufactur- 
ing problems. The fins were changed to aluminum first 
because the conversion caused little change in assembly 
procedures. A similar saving in material costs exists in 
the use of aluminum tube over tinned copper tube, but the 
joints at headers and return bends require some changes 
in technique. Builders of aluminum-tube heat exchang- 
ers are learning that reliable joints between tubes and 
headers may be made by roll expanding, similar to 
that used for copper tube. 

Evaporators constructed by brazing the aluminum re- 
frigerant tube to aluminum sheets are coming into use. 
Manufacturers of upright home freezers have been us- 
ing aluminum shelves to which the evaporator tube has 
been brazed. Several makers of chest-type freezers use 
aluminum liners made in the same manner. The advan- 
tages offered by an all-aluminum evaporator constructed 
in this manner are low fabricating cost, high thermal 
conductivity, high bursting strength, and a resulting as- 
sembly that has good resistance to corrosion. Figure 3 
indicates fatigue strengths of aluminum alloys at sub- 
zero temperatures as compared to 100 F. Table V pre- 
sents tensile strengths under the same conditions. 


Nonmagnetic Properties 


Aluminum’s nonmagnetic properties make it a good ma- 
terial for housing current-carrying equipment. It elimi- 
nates hysteresis losses and provides a low-resistance path 
for eddy currents. In instrument or control panels it 
makes instrument compensation unnecessary. This non- 
magnetic property can result in less power loss, reduced 
voltage drop and lower noise level. 

Aluminum is now being used increasingly for the 
housing of bus, switchgear and transformers. An added 
value for using aluminum in connection with such ap- 
plications as core clamps and end frames is compati- 
bility of the materials. 
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Fig. 2—Coefficients of expansion of some aluminum alloys. 
(Source: Aluminum Company of America.) 
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This article represents practical application 

of principles discussed in the previously 
published Basic Science & Engineering article . . . 

@ Key to Metals—May 1959 issue which 
is available in reprint form—see page 218. 





The temperature rise of an enclosed conductor de- 
pends upon a number of factors: the temperature dif- 
ference between the enclosed air and the housing ma- 
terial, and the temperature difference between the hous- 
ing and the air surrounding it. It is important to keep 
the heat generated in the enclosing material itself to 
a minimum. With magnetic materials, heating is caused 
by hysteresis and eddy-current losses. With nonmagnetic 
materials, hysteresis losses are eliminated and the /?R 
losses as the result of induced eddy currents can be kept 
low by two methods: by using a housing with high con- 
ductance in order to keep R low or by using a housing 
with low conductance in order to keep J low. (See Fig. 4.) 

The most advantageous housing material is a nonmag- 
netic one of high conductivity and sufficient thickness 
to permit easy handling. A housing made of such material 
reduces the short-circuit forces on the conductors con- 
siderably because of the magnetic shielding effect pro- 
vided by eddy currents. Such a housing is therefore 
preferable to one made of thin low-conductivity material. 
Aluminum sheet has many distinct qualities that recom- 
mend it as such a housing material. It is nonmagnetic, 
thus avoiding hysteresis loss. It has high conductivity, 


Table V— Results of Tensile Tests of Some 
Aluminum Alloys at Subzero Temperatures 


Elonga- Reduc- 
| 


Tensile Yield A in tion of 
| strength, |strength, | area, 
a aie per cent 


Temper- | Alloy 
ature, | and 
deg F temper an psi 


15, 600 


6,000 43.0 | 
6,100 44.0 | 81 
7,300 45.0 | 80 
8,600 48.8 | 76 

75 | 93, 200 21,500 14.0 | 54 
—18 | 21,900 15.0 | 58 
-112 : 22,300 18.5 | 59 
-320 | : 25,900 32.5 56 


75 | 3003-0 
— 18 15,600 
—112 | | 19,000 
—320 32,300 


75 § | 31,200 174 | 58 
18 H34 30,600 | 62 
112 31,800 | 60 
320 55, 37,100 | 56 





75 5154-0 
18 
112 
-320 


17,100 





75 5 | 31,800 
- 18 31,900 
-112 | 44,300 | 32,600 
-320 | 37,400 

75 5454- | 42,700 | 28,900 
- 18 | 44,100 | 29,300 
112 45,500 | 30,300 
320 63,200 | 35,700 


38 , 200 
39 ,600 
39, 200 
45 ,400 


75 545 | 55,000 
— 18 | 57 ,600 
—112 57,500 
74,100 


ee) 


50, 800 |} 24,100 
49,900 | 23,700 
49,700 24,000 
66 ,000 26 , 800 


Peers 


44 ,300 
46,100 
48,100 
59, 200 


38,200 | 
38,700 | 
40, 200 
45,000 


aAoo 


offering a low resistance path to induced eddy currents 
with correspondingly low power losses. It is lighter in 
weight than other nonmagnetic materials, thus making 
it possible to use heavy-gage sheet that does not warp 
or bow. Aluminum is highly resistant to corrosion and 
is a good fabricating material, since it can be easily 
cut, bent, drilled, and otherwise shaped by all common 
metalworking processes. It is adaptable to all forms of 
welding. 

Aluminum alloy structural shapes, which are also non- 
magnetic, strong and light, provide a useful comple- 
ment to aluminum sheet housings as a basic framework. 


Reflectivity 


Aluminum is an efficient reflector of both heat and 
light. In heat reflection, it is used as a barrier to pro- 
tect heat-sensitive electronic parts, and as a reflector 
for various types of electrical and solar heaters. As a 
light reflector, it is used in a wide variety of electric 
lighting standards. 

Aluminum reflectors are used to reflect various wave 
lengths of light. In the visible range, reflectivity varies 
from approximately 78 to 84 per cent, depending upon 
the wave length. In the near-infrared region, the reflect- 
ivity varies from 75 to 91 per cent, with a value of 91 
per cent in the far infrared. Aluminum reflectors are 
superior for short wave-length light. 

Light reflection in aluminum is a direct function of 
the surface condition which, in turn, is a function of 
both alloy and type of finish. For diffused-type reflectors 
which are supplied with an etched surface, a special 
grade of reflector sheet provides for uniformity in ap- 
pearance, with controlled etching characteristics. Specu- 
lar-type reflectors which are polished prior to finishing 
may be fabricated from a high-purity, clad-type sheet 
with controlled composition which produces a uniform, 
mirror-like appearance. The final finish on these reflec- 
tors is a modified anodizing process similar to the 
Alzak* process, which produces a very abrasion-resistant 
coating with excellent corrosion-resistant characteristics. 
It can withstand temperatures of about 300 to 400 F. 
without downgrading performance characteristics. 


Joining 

@ Welding. Welding of all types may be performed 
on all the aluminum alloys. However, the designer must 
recognize that the strengthening effects of cold work and 
of heat treatment are adversely affected by the heat of 
welding. 

In nonheat-treatable alloys, the annealing effect at 
and near the weld takes away some of the strength im- 
parted to the material by cold working. In heat-treated 
aluminum alloys, the heat of welding causes a change in 
the metallurgical structure. Thus, the mechanical proper- 
ties of heat-treated aluminum alloys will revert partly 
to those of the annealed condition at and near the weld. 

Best performance can be expected from welds made 
with the inert-gas, shielded consumable-electrode methed 
and with resistance welding. Neither uses flux, and both 
apply a tremendous amount of heat right at the point 
of fusion for a minimum time interval. The extent of 
annealing on a cold-worked or on a heat-treated struc- 
ture is lessened. Also, benefits are derived in soundness 
and freedom from cracking when the heat is concentrat- 


* Registered trademark, Aluminum Company of America 
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Fig. 4—Induced losses vs. conductivity of housing material. 
(Source: Deans, W., Electrical Buses and Bus Structures, 
Bulletin 4211, ITE Circuit Breaker Company.) 


ed. Less metal around the weld has time to expand and 
contract thermally; hence, the cracking tendency is re- 
duced and distortion of the welded assembly is lessened. 

Heat treatment after welding may be feasible, depend- 
ing on the shape and size of a welded part. Then, to 
avoid heat-treating twice, neither part would be heat- 
treated before welding. Practical problems introduced 
by the geometry of the part or special features of the 
assembly may have to be solved to prevent excessive 
distortion during quenching. 

Even though all welded parts and all filler metals may 
be of a heat-treatable alloy and properly treated, the 
designer should bear in mind that the weld bead is cast 
metal. Therefore, ductility in the weld bead itself will 
be lower than in the wrought parent metal. 

e Brazing and Soldering. Brazing is a method of 
joining aluminum parts with an alloy whose melting 
point is generally slightly below the melting range of 
the parent alloy. The parent metal never gets hot enough 
to melt, and this constitutes the chief difference between 
brazing and welding. The purpose of a flux, necessary 
to these operations, is to remove the oxide film, to act 
as a barrier against further oxidation, and to allow wet- 
ting of the surface. Most of the flux is consumed during 
the soldering or brazing operation. However, the residue 
is hygroscopic, This constitutes a potential corrosion 
hazard because moisture causes oxidation and the flux 
attacks the oxide, resulting in deterioration of the joint. 
The flux is water soluble and can be easily removed, ex- 
cept in the case of a closed joint. Soldered and brazed 
joints that can be properly cleaned or protected show 
excellent results. 

According to the American Welding Society, the only 
difference between brazing and soldering is tempera- 
ture. Above 800 F is brazing, and below this tempera- 
ture is soldering. Most of the brazing on aluminum is 
done around 1060 F, employing an aluminum-silicon 
alloy as the brazing material. Brazing can be accomplish- 
ed either by torch, furnace, or a dip operation. It is a 
fairly easy method of making a joint since it requires 
very little skill on the part of the operator. Because of 
the excellent capillary action and flow of the brazing 
material, a very generous fillet results. This fillet makes 
a joint having high electrical conductivity and mechani- 
cal strength. 

The nonheat-treatable aluminum alloys brazed most 
successfully are 1100 and 3003. Wrought aluminum al- 
loys of greater purity than 1110 (commercially pure 
aluminum, 99 per cent minimum aluminum) are also 
brazeable. 
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If strength is an important consideration, the points 
to be investigated before brazing any aluminum alloy 
are the heat treatment or work hardening to which the 
metal has been subjected, and the manner in which 
brazing heat will affect the properties imparted by such 
prior treatment. Brazing temperatures vary between 1030 
and 1190 F. The annealing temperatures for aluminum 
alloys range from 650 to 800 F, so it is apparent that 
brazing will return at least part of the finished assembly 
to the annealed state. 

Heat-treatable alloys are brazeable, provided their melt- 
ing points are above the melting range of the filler alloys 
used. The heat-treatable alloys brazed most commonly 
are 6053, 6061, 6062, 6063 and 6151. 

Most of the soldering on aluminum is done around 
450 F, using a lead-tin-zine alloy, or around 715 F, using 
either a pure zinc or a zinc-aluminum alloy. The pre- 
tinning operation is accomplished by abrading the oxide 
film through the molten solder to wet the surface. The 
abrasion can be effected with steel wool, glass fiber, wire 
brush, or ultrasonic vibration. An example is an alu- 
minum parallel-groove clamp which has a copper bush- 
ing soldered in one groove and has performed satis- 
factorily for many years in many different atmospheres. 
Table VI shows feasibility of welding aluminum to 
other materials and methods used. 

e@ Riveting is the most commonly used method for 
joining aluminum, particularly the structural alloys which 
depend upon heat treatment for their high mechanical 
properties. Aluminum-alloy rivets may be made from 


practically any of the wrought aluminum alloys. The 
following alloys, commercially available in rivets, ade- 


quately fill the requirements of range of properties and 
driving characteristics: 1100 (commercially pure alu- 
minum), 5056, 2017, 2117, 6053 and 6061. 


Finishing 


_ Finishing systems for functional applications of alu- 
minum include mechanical finishing, electrolytic oxida- 
tion, electrobrightening, electroplating, chemical coat- 
ing and painting, lacquering or enameling. These systems 
may be used in combination in order to produce the 
finish most practical for the application. 

Mechanical finishing is generally required on the sur- 
face as the basis for subsequent finishing procedures. 
Mechanical finishing is important from a _ functional 
standpoint, since the surface may be made smooth or 
rough, depending upon the requirements of the appli- 
cation. 

Electrolytic oxidation and electrobrightening, some- 
times referred to as electropolishing, are both anodic 
procedures. However, the results from these two processes 
are decidedly different. Electrolytic oxidation produces 
a coating on the surface with varying characteristics, 
depending upon operating conditions. Electro-brighten- 
ing brightens or smooths the surface by removing 
varying amounts of metal, depending upon the par- 
ticular process employed. In electroplating, a metallic 
layer is formed on the surface, the same as in electro- 
plating other metals. Although both electrolytic oxidation 
and electroplating form coatings, in the case of electro- 
lytic oxidation the coating is integral with the surface 
and is essentially aluminum oxide. 

Inasmuch as aluminum oxide or alumina is a hard 
substance, the finish is resistant to abrasion. By varia- 
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Table Vi—Summary of Major Processes for Joining Aluminum to Other Metals and Materials 


Material 
\\ joined to 
Al 


Joining 
process 


Zinc alloys 


alloys 
Copper 
alloys 

alloys 
Magnesium 
alloys 

Silver alloys 
Precious 
metals 


Torch welding 
Arc welding 
Flash welding 


Resistance 
welding 


Brazing 


Transition 
joints 


Hard soldering 
Soft soldering 


Diffusion 
welding 


Pressure 
welding 


Resin bonding 


s =satisfactory = possible o=not recommended 


tions in the procedure, coatings with a wide range of 
hardness may be produced. 

Anodic coatings formed in chromic-acid electrolytes 
have little or no decorative applications. Although at- 
tractive pastel colors are possible, very little commercial 
application is possible because the coatings have low 
resistance to abrasion. Black anodic coatings formed in 
chromic acid are used for military applications. These 
coatings are somewhat thicker than average in order to 
respond to the dyeing treatment used to produce the 
black coatings. Such coatings have the advantage of a 
black surface of low reflectivity combined with high 
resistance to corrosion. 

Present military specifications require anodic coatings 
applied in chromic acid for applications where possi- 
bilities of entrapment of electrolyte exist in structures 
assembled by rivets, screws, spot or seam welding. Many 
applications requiring increased resistance to corrosion 
for parts subjected to high vibratory stresses require 
anodic coatings of this type because the coatings are 
thinner than those formed in sulfuric acid electrolytes. 
These thinner coatings are particularly useful on alu- 
minum alloys sensitive to fatigue. 

Silver increases surface electrical conductivity. Com- 
mercial practice frequently involves the application of 
silver plate to aluminum bus bar connections and miscel- 
laneous electronic instruments to reduce contact resistance 
and increase conductivity of high-frequency currents. 

Copper plating permits the use of standard soft-solder- 
ing methods for some joining purposes. Brass is ap- 
plied for rubber bonding or decorative effects. Zinc pre- 
vents seizing of surfaces. Aluminum slide-fastener wires 
have been plated with either zinc, cadmium or nickel to 
decrease friction and produce smoother operation. Tin 
or lead-tin alloys are deposited to obtain better frictional 
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Lead alloys 


| 


electroplates 
or hot-dip 


Commercial 
coatings 


Tin alloys 
Sintered 
graphite 
bronze 
Titanium 
Tungsten 
Ceramics, 
glass, etc. 
Plastics, 
rubber, 
wood, etc. 


=no experience 


properties for certain bearing applications. Tin or cad- 
mium is applied for applications requiring a combination 
of good solderability and conductivity. 

Aluminum-alloy sheet is used commercially as plates 
for selenium rectifiers. Selenium must be bonded to the 
surface after a preliminary coating of nickel is applied 
in order to obtain the properties necessary for the appli- 
cation. Here the zinc film ordinarily applied prior to 
plating cannot be used; therefore, the surface is roughened 
either mechanically or with an etch to produce the neces- 
sary “keys” in the surface to hold the nickel. Selenium is 
then applied to the nickel by pressure bonding or vapor- 
izing. 

Although the chemical-oxide finishes have little decora- 
tive value, they possess appreciable resistance to corro- 
sion and serve as an excellent base for paint. They are 
generally lower in cost than electrochemical processes 
and are especially adapted to the bulk treatment of small 
parts. 

Paints, lacquers and enamels, including vitreous 
enamels, should also be considered for their functional 
contributions. Although in many commercial applica- 
tions these systems are used for their decorative appeal, 
they are also used for protection against corrosion under 
severe exposure conditions. Vitreous enamels, because 
of their hardness, dielectric properties, heat and mechani- 
cal shock resistance, offer possibilities in applications re- 
quiring these characteristics. 

Ceramic coatings may be applied to aluminum alloys. 
Recent developments in low-melting-point vitreous enam- 
els have resulted in coatings with superior impact and 
flex resistance and good resistance to thermal shock. 
Enameled aluminum can be cut and mildly formed after 
firing. Since vitreous enamels are fused at a fairly high 
temperature, care must be taken in the selection of alloy, 
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gage and temper to minimize such effects as excessive 
distortion and softening of the base metal. Recent de- 
velopments indicate this finishing system may prove suc- 
cessful in protection of aluminum in applications involv- 
ing exposure to elevated temperatures or unusual cor- 
rosion conditions. 


Applications 


e Bearings. Aluminum alloys of various types and in 
various forms have been used for a number of years 
in machine applications involving lubricated sliding con- 
tacts, such as gears, connecting rods, cross heads and 
housings. In general, the successful bearing applications 
of the usual cast or wrought structural aluminum alloys 
have been limited to installations in which the load and 
speed requirements are mild. Experience has shown them 
to be unsuitable for high speed, highly loaded bearings 
required in equipment designed for high power de- 
velopment or transmission. 

Aluminum alloys with mechanical and physical charac- 
teristics specifically adapted to meet the requirements of 
modern high-duty bearing service are of rather recent 
origin. One alloy has been used commercially in this 
country with considerable success in a variety of appli- 
cations. Others, which have been tested extensively, but 
for which extensive commercial experience is not yet 
available, show considerable promise of extending the 
field of usefulness for this type of material. 

From the standpoint of the bearing material, the sig- 
nificant properties involved are the magnitude of the 
coefficient of thermal expansion, the stress-deformation 
curve, and the resistance to creep or relaxation at operat- 
ing temperatures. Alloying elements such as copper, mag- 
nesium, nickel and silicon, with appropriate thermal treat- 
ments, improve these properties. Cold working of bear- 
ing castings of the commercial alloys, which are relatively 
soft in the heat-treated condition, has been used to in- 
crease the compressive strength and permissible operat- 
ing temperature range. The selection of alloying element 
concentrations, heat treatments, or mechanical working 
treatments for an aluminum bearing material to be used 
as a mono-metal bearing or bushing has as its objective 
the attainment of a practical compromise between the 
various requirements of conformability and embedda- 
bility, and resistance to gross deformation either from 
the bearing load or interference stresses. 

The principles of good mechanical design of sleeve 
bearings, particularly those factors which influence the 
formation and retention of a lubricant film, should be 
adhered to in the design of aluminum alloy bearings. 
The optimum length-to-diameter ratio depends to a cer- 
tain extent upon the rigidity of the shaft and bearing 
support. In cases of severe shaft deflection and a rigid 
bearing support, improved life may sometimes be ob- 
tained with a decreased bearing length, even though the 
total available bearing area is reduced and the average 
pressure is raised. 

@ Cast Induction-Motor Rotors. Designers of squirrel- 
cage induction-type electric motors have adopted an in- 
tegrally cast aluminum rotor. There are many economic 
and manufacturing process advantages which constitute 
an improvement for this type of rotor construction over 
the fabricated type previously manufactured. The size of 
rotors produced by this method range from approxi- 
mately 1 to 30 in. diam. 
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Several methods are used to produce cast aluminum 
motor rotors. One is casting with the conventional type 
of cold-chamber die-casting machine. A second method is 
a modification of the conventional die-casting equipment, 
utilizing pressure from a vertical hydraulic or pneumatic 
press. Centrifugal casting and the permanent mold process 
have also been used, but to a somewhat lesser extent than 
the first two methods. Aluminum alloys possess a wide 
variation in electrical conductivity. Thus the choice of 
alloy for this application depends largely upon the desired 
operating characteristics of the motor, determining 
whether an aluminum alloy having a high, low or inter- 
mediate conductivity is required for a particular rotor 
design. Essentially pure aluminum (99.75 per cent mini- 
mum aluminum content) is used for special rotors re- 
quiring maximum conductivity. 

An important feature of the integrally cast aluminum 
squirrel-cage rotor is its single-piece design. The con- 
ductor bars, end collector rings, and cooling fan are cast 
together. This eliminates need for welding or brazing, 
and minimizes the use of bolts, screws, attached fans, and 
other pieces which are required for multi-part fabrication. 
Since no part of the integrally cast aluminum rotor can 
vibrate, the operation of the rotor before assembly of 
the motor and maintenance of this balance in service is 
another important advantage of this type of construction. 
Heat transfer from the conductor bars to the sheet-steel 
laminations is excellent with the cast rotor design, mini- 
mizing local overheating within the rotor during a severe 
overload peak. 

e@ Enclosures. Aluminum sheet-metal enclosures have 
much lower induced electrical losses than ferrous types. 
They have better appearance and higher heat conduc- 
tivity than their steel counterparts. In addition, they are 
lighter, much more corrosion resistant, and offer cor- 
respondingly reduced maintenance costs. The use of an 
aluminum enclosure instead of a steel enclosure enables 
a given size of switch to carry a greater load safely, 
especially since steel enclosures have appreciable mag- 
netic losses. Another factor is that aluminum, because of 
its higher thermal conductivity, dissipates heat approxi- 
mately four times better than steel. 

@ Screw-Machine Products. The light weight and 
machinability of the aluminum screw machine alloys en- 
able manufacturers to realize more pieces per pound and 
more pieces per hour and as a result, in many cases, 
more pieces per dollar. While aluminum screw machine 
parts are already widely used in electrical design, the 
trend toward equal or better-quality electrical equipment 
at no increase in cost will be reflected in an increasing 
use of aluminum screw machine parts. 

e@ Transformer Tanks and Cooling Equipment. Light- 
weight, corrosion resistant, aluminum transformer tanks 
are receiving increased attention in transformer design. 
The thermal conductivity of aluminum, coupled with the 
extrudability and general workability of the metal, make 
it desirable for such equipment. 

e@ Radar Guidance System. The rapidly increasing 
number of automobiles, trucks and busses, coupled with 

(Continued on page 186) 
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High-Potential 
Tests for 
Aircraft and Missile 
Electrical Insulation — 


High-potential tests offer an economical means of obtaining realistic “‘reliability.”” Test pro- 


cedures are described and test data on commercially available materials are summarized and 


interpreted in design terms. 
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Culver City, California 


THE AIRCRAFT AND MISSILE electrical systems designer 
can “proof-load” the electrical insulation system of a 
given unit economically in a few minutes. A high-poten- 
tial test at operating temperature can prove that the 
insulation system is adequate and free from flaws. The 
cost of a rigorous high-potential test program may be 
well justified by even a very small percentage gain in 
reliability. 

High-potential tests of 1500 volts for 28-volt d-c air- 
craft and missile equipment are now specified in many 
new military specifications and in the AIEE “Proposed 
Test Code for Aircraft Equipment Electrical Insulation,” 
July 1957, No. 803. Test procedures and results will be 
discussed in this article and certain design conclusions 
will be drawn. 
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It is hoped that this discussion will help resolve some 
of the differences of engineering opinion that now exist 
on high-potential tests (some pros and cons are sum- 
marized in the panel on page 126). The following facts 
should be relevant; they are supported by the literature 
cited in the References at the end of this article: 

1. The basic purpose of any high-potential test of 
electrical equipment is to detect holes, cracks, discon- 
tinuities, metal inclusions, marginally thin insulation, 
and other dielectric flaws. It is never intended to deter- 
mine the ultimate electric strength or to seriously stress 
the insulation. 

2. At least a 1000-volt, 60-cycle, 1-min, high-potential 
test is needed to detect flaws in commonly used thick- 
nesses of electrical insulation. 

3. Circuit-interruption transient voltages in excess of 
1000 volts often seriously stress the insulation of equip- 
ment operating in low-voltage circuits; as a result, mar- 
ginally thin insulation is punctured and tracking failure 
occurs through small holes or flaws. 

4. The fact that an insulation system at some stage 
in equipment manufacture has passed adequate inspec- 
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High-Potential Tests Results on Commercial Electrical Insulating 
Materials Used in Aircraft Electrical Systems 


Materials 


Mylar film 


Mica, clear sheet 


Fig. 1—Test jig for high-potential insula- 
tion tests. The cylindrical tungsten 14-in. 
diam electrode edges are rounded to 4- 
in. radius. Upper electrode is weighted 
so as to rest on specimen with a force 
of %o lb. Electrodes are ground square 
and lapped to a 10 micro-inch finish in 
test jig; the highly reflective electrode 
surfaces are re-polished after each test 
breakdown. Jig insulating body is a 
temperature-cycled melamine-formalde- 
hyde molding. Electrode guide hole is 
drilled and reamed to size prior to cut- 
ting the center notch. 


Fish paper 


Fish paper 


glass fiber 


(Silastic R) 


plate 


Teflon, skived tape 


Silicone-varnished 


Silicone-rubber tape 


Isomica flexible mica 


Number of 1-min 
Test tests to failure 
voltage (OO OOO 
Minimum | Average 
(single (10 
samples) 


Tempera- at 
Thickness, ture, 60 cps, 
in. deg F volts 


sample) 


0.0005 1500 54 63 
0.0005 1500 No failure, 1200 tests 
0.0055 1500 26 38 
0.007 1500 80 

0.002 1500 90 


0.003 1500 


0.009 1500 


0.004 1500 





* Calculated on basis of rating. 


tion and test is no surety that even in storage the insula- 
tion will not have deteriorated to the point where the 
equipment is no longer flightworthy. 

5. Electrical aircraft equipment which will withstand 
high-potential tests of 1500 volts or more without an 
increase in weight or space requirements is ordinarily 
well within the practical present-day state of the art for 
equipment with operating ambient temperatures not 
exceeding 165 F. 


Test Procedure 


To simulate the fundamental problem as closely as 
possible, repeated high-potential tests were applied to 
minimum commercial thicknesses of standard insulation 
materials. The procedure recommended in AIEE No. 803 
was followed. A 1500-volt, 60-cycle, 1-min test was ap- 
plied repeatedly (2 min between cycles) for 50 or more 
tests or until failure occurred. All tests were made at 
250 F. Figure 1 illustrates and describes the test jig that 
was constructed in accordance with ASTM D-149.55T. 

Considerable attention had to be given to all test de- 
tails so as to assure reasonably consistent results. For 
example, in view of the close electrode spacing and light 
electrode pressure, it was essential that electrode surfaces 
be truly flat and parallel. Insulation specimens had to 
be free of fingerprints or other contaminants. Moreover, 
specimens were microscopically examined for flaws and 
thicknesses were checked with a micrometer. Relative 
humidity was controlled for all test conditions, including 
storage of test specimens. To avoid internal stresses, test 
specimens were supported in free air in the test oven 
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for a realistic period of, say, 5 min before being placed 
between hot electrodes. 


Test Results 


The accompanying table summarizes the results of 
repeated tests (under the conditions described in the 
previous section) on four insulating materials commonly 
used in aircraft electrical equipment: mica, Mylar poly- 
ester film, fish paper, and TFE-fluorocarbon (Teflon) in 
the thinnest commercially available thicknesses. Com- 
puted data are included on three composite materials: 
Isomica flexible mica plate, silicone-resin varnished fiber 
glass, and Silastic R silicone-rubber tape. 

As will be noted from the tabulated data, mica was 
by far the outstanding material under the conditions 
tested, showing no failure at 1200 tests. Fish paper 0.007 
in. thick and Teflon skived tape 0.002 in. thick were poor 
seconds, failing at 120 and 125 tests, respectively. The 
results shown for the three composite materials were 
estimated from the manufacturers’ electric strength data 
by using the time-voltage breakdown relationship for fish 
paper shown in Fig. 2. These estimates are likely to prove 
conservative since the time-voltage breakdown curve for 
the composite materials may fall somewhere above the 
values shown for fish paper but below the values shown 
in Fig. 3 for mica. (These curves will be discussed in 
detail later.) 

The “net” or effective electrical insulation of a given 
equipment is, of course, less than its initial thickness 
when applied. “Bedding” of the conductors into the insu- 
lation, core surface irregularities, cold flow caused by 
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High-Potential Tests—Pro and Con 


OBJECTIONS COMMONLY EXPRESSED against 


high-potential test voltages of 1000 volts or 
more and the authors’ counter-opinions are 


given here as additional background informa- 
tion: 


1. “Some equipment is rejected because of 
high-potential test failure although it would 
have performed satisfactorily in service.” This 
is true only to a limited extent. Standard high- 
potential tests “fail” equipment with flaws in 
insulation areas which may be at or near 

potential in 28-volt systems where one 

side of the line is commonly grounded. Whether 
n insulation fault is near ground potential or 
Pp on the particular circuit in which 

is used. Insulation faults in parts 

{ equipment at or near ground potential may 
cause malfunction of other equipment as the 
result of uncontrolled grounding. It is suggested 
that rejects of aircraft electrical equipment 
for insulation faults which (owing to circuit 
operation) may be at or near ground potential 
are only a’ small percentage of the total units 
rejected for insulation faults. In any case, such 
instances may be regarded as a small premium 
to pay for the overall reliability gained by ade- 
quate high-potential testing. 

2. “Electrical equipment insulated for ade- 
quate high-potential tests of 1000 volts or more 
would increase cost, size and weight signifi- 
cantly.” For the last fifteen years the authors 
have directed the operation of an aircraft equip- 
ment laboratory one of whose main functions 
has been to diagnose the cause of aircraft 
equipment failures and to provide an optimum 


winding tension, vibration, and thermal cycling all tend 
to reduce the net insulation thickness. This is one of the 
major problems of insulation-system design for electrical 
equipment. The tabulated data given here are not in- 
tended to deal with these problems. They are intended to 
illustrate the net insulation thickness and space taken 
for insulation to withstand a reasonable number of 1500- 
volt, 60-cycle, 1-min, high-potential tests. 

In summary, these data show that some materials with 
net insulation thicknesses of even 0.5 mil are able to with- 
stand 50 or more 1500-volt, 60-cycle, 1-min, high-potential 
tests at 250 F. Several other materials with very desirable 
manufacturing, mechanical and temperature character- 
istics require less than 4 mils net thickness for the 
same result. Fish paper is shown to require much more 
thickness for safe use. 


Voltage-Time-Breakdown Characteristics 


The voltage-time-breakdown characteristic of various 
insulation materials has a typical configuration as shown 
in Figs. 2 and 3. The 1-min breakdown-voltage time of 
an insulation material is taken as 100 per cent and the 
various breakdown voltages from 1 sec to 1 hr are 
plotted as a percentage of the 1-min value. It is obvious 
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correction for the same. A high percentage ot 
these equipment failures was due to inherent 
insulation faults. The removal of sharp corners, 
burrs and similar mechanical defects, the elimi- 
nation of sources causing insulation stress con- 
centration, and the use of better insulation ma- 
terials solved most problems, Reinsulated units 
were required to pass a 1-min, 1500-volt, 60- 
cycle, high-potential test. Performance and 
weight were not affected. In several cases manu- 
— cost was reduced. 

3. “Repeated high-potential testing will ‘jain: 
age good equipment insulation.” Objection has 
been made to high-potential testing of aircraft 
equipment items more than one time. Others have 
taken a position that three tests were a per- 
missible maximum. The questions are: Will the _ 
1500-volt, 60-cycle, 1-min high-potential test — 


recommended in AIEE No. 803, “Proposed Test — 
Code for Aircraft Equipment Electrical Insula- 


thickness and design if the tests are 

several times? Will the insulation be 

if initial 1500-volt, high-potential tests 

prior to usage or extended storage of the | 

ment are followed by 

potential tests of 1125 volts (75 per cent 

initial test voltage) made after 

storage or after overhaul or service? Although 
the literature contains data applicable to this 
problem, they should be used with a great deal 
of caution. In fact, no actual test data on re- 
peated l-min, high-potential tests have been 
located by the writers. The investigation re- 
ported in this article was undertaken to supply 
this need. 


that optimum insulation design will provide for operation 
below the point where tests or the accumulated number 
of circuit interruption transients are likely to cause fail- 
ure of the insulation. It is suggested that a sensible pre- 
caution would be to keep all transients and test voltages 
below the 1-hr insulation life point. 

The curves of Figs. 2 and 3 are very significant in 
relation to the 25 per cent reduction of initial high- 
potential test voltages recommended for retest after use, 
overhaul or extended storage in AIEE No. 803, “Pro- 
posed Test Code for Aircraft Electrical Equipment Insu- 
lation.” If the initial test voltage is kept near the 1l-hr 
voltage-time-breakdown point as suggested, then, owing 
to the rapid increase of time to breakdown with decrease 
of voltage in this part of the curve, a 25 per cent reduc- 
tion in retest voltage can generally be expected to solve 
the problem of high-potential retest. 

An examination of the curve for fish paper, Fig. 2, 
will show that a 50 per cent decrease in the 1-min break- 
down voltage can give the insulation 1 hr of life before 
breakdown. With bonded mica, Fig. 3, a decrease of only 
20 per cent is needed. It is probable that mica represents 
one extreme and fish paper the other, with most other 
insulations falling somewhere between. A_ substantial 
number of tests was run to determine if there were any 
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Fig. 2—Time-voltage-breakdown characteristics for insulation- 
grade fish paper. Values are based on authors’ test data. 


significant difference between continuous voltage-time 
effects and accumulated voltage-time effects from 1 min 
“on,” 2 min “off” test cycles. For Mylar, mica, and TFE- 
fluorocarbon (Teflon) at 250 F in the thin gages tested 
there was no appreciable difference. 


Conclusions 


1. Normal aircraft electrical equipment insulation will 
not be damaged by any reasonable repetition of high- 
potential tests if the recommended test procedure of AIEE 
No. 803 is followed. Net insulation thickness of 0.5 mil 
to 4 mil of the better available materials will withstand 
a minimum of fifty 1500-volt, 60-cycle, 1-min tests. One 
to ten initial high-potential tests prior to usage of the 
equipment at this voltage would be considered reasonable. 
Retest after usage of the equipment, prolonged storage, 
or overhaul is recommended at a 25 per cent reduced 
voltage by AIEE No. 803 and is therefore not critical 
with regard to the effect on insulation. The effect of 20 
such reduced-voltage retests on insulation life could be 
considered negligible owing to the rapid increase of 
insulation life with reduced voltage on this part of the 
voltage-time-breakdown characteristic curve as shown in 


Figs. 2 and 3. 
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Fig. 3—Time-breakdown curve for bonded mica. (Curve re- 
drawn from data published in Electrical Insulation, G. L. 
Moses, and the values rechecked by the authors.) 


2. For critical design of aircraft and missile electrical 
equipment insulation systems, voltage-time-breakdown 
curves are needed for each type of insulation. It is un- 
fortunate that the equipment designer must often guess 
or find by trial and failure this essential design charac- 
teristic. Oooo 
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Note: Cross-hatched portions indicate extensions of operating temperature ranges because of concessions made in life required or in severity of environment (such 


as neutral vs oxidizing atmospheres). 


Military Specifications for 
Ball-Bearing Lubricants 


A comprehensive listing of selected lu- 
bricating oils and greases for high- and 
low-temperature operation of electronic 
equipment. Properties, characteristics, op- 
erating conditions and sources of supply 


of lubricants are given. 


HENRY VILLAUME 

Research Engineer 

New Hampsuire Batt Bearines, Inc. 
Peterborough, New Hampshire 


GOVERNMENT SPECIFICATIONS form a convenient system 
for classifying the widely dispersed data pertaining to 
the broad field of lubricants. This report makes use of 


government specifications as a frame of reference in dis- 
cussing lubricant selection for bearings. 

The lubricant companies constantly endeavor to better 
the basic requirements of a particular specification, and, 
therefore, careful evaluation of more than one product 
under a particular government specification may prove 
advantageous. Lubrication is a dynamic field; both 
military and manufacturers’ specifications are constantly 
changing. The accompanying lists of qualifying products 
under the various military specifications have been com- 
piled from information supplied by individual manufac- 
turers and should, therefore, be regarded only as a gen- 
eral guide.. Certification should be solicited from the 
manufacturers whenever doubt exists concerning the 
qualification of a specific lubricant. Products have been 
listed as qualifying if either the manufacturer or a QPL 
(Qualified Products List) so listed the product. Military 
specifications listed are, as far as possible, the current 
revisions. A lubricant temperature-range chart is provided 
at the top of this page for quick reference. It is in bar 
graph form and consequently cannot present all of the 
pertinent details. It is intended merely as a rough guide. 
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Table | — Comparative Viscosity of Oils at —65 F 


Mil Spec No. 


MIL-L-17353A (NORD) Lehigh Chemical Co, L-451 


Anderson Oil and Chemical Co. Winsor Lube LS-252 


MIL-L-6085A, Am. 2 Bel-Ray Co., Inc. SO-202 


Lehigh Chemical Co. (Anderol) KC-85 A 





MIL-L-7870A, Am. 1 Esso Aviation Instrument Oil 


Manufacturing designation* 


Pour point, 
deg F 


Viscosity at —65 F, 
centistokes 
1500 max. —75 max. 
1015 —85 
1200 typical —75 typical 


12,000 max. —70 max. 
6400 —100 
9500 typical —80 typical 


(4000 max. at —40 F) —70 max. 
20,000 est. at —65 F 
2500 typical at —40 F 


15,000 est. at —65 F 


—70 typical 


* Products are listed only when their viscosity differs significantly from that maximum specified in the applicable military specification. 


Military Specs — Lubricating Oils* 

MIL-L-6085A, Am. 2. Lubricating oil for aircraft 
instruments. Operating temperature range is —65 to 
+345 F (—54 to +174 C). A general-purpose lubri- 
cant, used in non-extreme environmental conditions 
where low volatility, stability, and corrosion-protective 
properties are desired. Specified where low starting 
torques are required. Starting torque is directly related 
to the oil viscosity. (See Table I.) 


Product Mfr.* 
Winsor Lube L-245X (—70 to +315 F) et 
Pioneer P-10 (—80 to +420 F) 8 
Univis P-38 (—80 to +385 F) . fone ane 
Cosmolubric 270 ie 12 
KC-85A (—75 to +440 F) 

AeroShell Fluid 12 (Code 60436) (—65 to + 340 F) 
SO-202 (—95 to +395 F) 

PQ Rust Preventative No. 160 

Brayco 885 (—65 to +340 F) 

Drew A-107B (—70 to +415 F) 

Product 80 . ea 14 
Royco 885 (—65 to +340 F) 15 


MIL-L-7870A, Am. 1. Lubricating oil for general- 
purpose, low-temperature service. Operating temperature 
range is about —65 to +245 F (—54 to +118 C). It 
is designed for applications where oil with low evapora- 
tion and with rust-protective properties is desired. Per- 
missible low-temperature viscosity; starting torque is 


therefore greater for this oil than for MIL-L-6085A. 


Product Myr. 
Winsor Rust Preventative L-1018 (—70 to +275 sin 2 
Esso Aviation Instrument Oil mn to +265 a aa. 
Cosmolubric 263 eam: ; ae 
L-407 (—65 to +250 F) . 13 
AeroShell Fluid 3 (Code 60416) (—65 to +240 F) .. 16 
1692 Low Tem Pil (also under MIL-L-644B) 

(—70 to +280 F) j 9 
Gulflite 6 (—80 to +275 F) 
PQ Rust Preventative No. 107 1 
Brayco 363 (—65 to +245 F) 4 
Royco 363 (—65 to +245 a 15 
Mee, Mast. SEe os elke wis ean ee 
Oetell FO: ...... au 


MIL-L-17353A (NORD). Lubricating oil for special 
(low-torque) low-temperature applications. Operating 


* Comparative viscosities of oils at —65 F are listed in Table I. 


+ Number refers to Table II listing names and addresses of lubricant manufacturers. 
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temperature range is about —70 to +275 F (—57 to 
+135 C). Low-temperature, special-purpose lubricant 
used where low volatility, stability and corrosion-protec- 
tive properties are desired in the low-temperature range 
with only moderate high-temperature requirements. These 
oils should outperform others discussed for low-tempera- 
ture applications from  starting-torque considerations 
because of very low viscosity at —65 F. 


Product 


Winsor Lube LS-252 (—70 to +315 F) 

SO-353 

L-451 (—80 to 4320 F) ‘(also under ‘Spec. NRL- E- 51) 
PQ Lubricant 6257 (—70 to +315 F) 


Military Specs — Lubricating Greases 
MIL-G-3278A. Lubricating grease for aircraft and 
instruments (medium- and low-temperature environ- 
ments). This grease is basically a synthetic low-tempera- 
ture liquid lubricant and lithium soap for general use on 


Table Il — Lubricant Manufacturers and Addresses 


American Oil and Supply Co., 238 Wilson Ave., Newark, N. J. 
F. E. Anderson Oil Co., Portland, Conn. 

Bel-Ray Company, Inc., Green Village Road, Madison, N. J. 
Bray Oil Co., 3344 Medford St., Los Angeles 63, Calif. 


Daubert Chemical Co., Nox Rust Div., 333 N. Michigan 
Ave., Chicago 1, Ill. 


Dow-Corning Corp., Midland, Mich. 
E. F. Drew and Co., Inc., Boonton, N. J. 


Eclipse-Pioneer, Div. of Bendix Aviation Corp., Teterboro, 
N. J. 


Esso Standard Oil Co., 15 West 51 St., New York 19, N. Y. 


Gernieral Electric Co., (Silicone Products Dept.), Waterford, 
Ww. ¥. 


Gulf Oil Corp., P. O. Box 1166, Pittsburgh 30, Pa. 


E. F. Houghton and Co., 303 West Lehigh Ave., Philadel- 
phia 33, Pa. 


Lehigh Chemical Co., Chestertown, Md. 

Octagon Process, Inc., 15 Bank St., Staten Island 1, N. Y. 
Royal Lubricants Co., River Road, Hanover, N. J. 

Shell Oil Co., 441 Stuart St., Boston 16, Mass. 

Sinclair Refining Co., 600 Fifth Ave., New York 20, N. Y. 
Socony-Vacuum Oil Co., 150 East 42 St., New York 17, N. Y. 
Texaco Corp., 20 Providence St., Boston 17, Mass. 
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aircraft and for instruments. Permits operation of equip- 
ment at —65 F and will lubricate anti-friction bearings 
continuously in environments at 250 F and, for short 
periods, as high as 300 F. 


Product Myr. 
Beacon 325 9 
L-793 (also under MIL-G-15793 BuORD, Am. 2) 13 
AeroShell Grease 11] 16 
Sinclair 3278 Grease 17 
Mobil Grease Aero Lo-temp eee 18 
Unitemp Grease 19 
SG-106, SG-3278 
Braycote 678 


Royco 78 1! 


MIL-G-7421A. Lubricating grease, extreme low tem- 
perature. Composed of a synthetic oil with a lithium soap. 
For use in anti-friction bearings, gears, rolling and slid- 
ing surfaces of equipment having very low motivating 
power, some types of electronic equipment, instruments, 
and small actuators as found in aircraft where starts at 
temperatures of —70 F or lower may be required. This 
lubricant should not be specified indiscriminately in 
place of specification MIL-G-3278A, because in order to 
achieve the low-temperature operating characteristics 
some concession has been made in high-temperature 
operating life. Operating temperature range of —100 
to -+225 F and, for short periods, as high as 275 F. 


Product Myr. 
Low Temp No. 1888 19 
MIL-G-7421 (under test) 13 
Braycote 721 4 
Royco 21 Peto ; 15 


MIL-L-7711 Am. 1. Lubricating grease, general pur- 
pose. Essentially a non-petroleum oil plus a sodium soap 
intended for lubrication of anti-friction bearings, gear 
boxes, and plain bearings where both reasonably low 
temperature operation and high-temperature stability 
may be required. Operating temperature range is about 
—50 to +250 F for continuous service, 275 F for inter- 
mittent service. 


Appendix A — Special Oils* 


Manufacturer 


Eclipse Pioneer, Div. of Bendix Aviation 
Dow-Corning Corp. 
General Electric Co. 
General Electric Co. 
Lehigh Chemical Co. 
Dow-Corning Corp. 
Dow-Corning Corp. 
Lehigh Chemical Corp. 
General Electric Co. 
Dow-Corning Corp. 
General Electric Co. 
General Electric Co. 
General Electric Co. 
Bel-Ray Company, Inc. 
Lehigh Chemical Co. 
Dow-Corning Corp. 
Dow-Corning Corp. 


Pll 


L-423 


L-451 


Versilube F50 
GE 81644 
GE 81717 
SO-202 
L-401D 


Product designation 


200 Fluid (20 centistokes) | 450 230 
SF-81 (50 centistokes) 
SF-96 (50 centistokes) 


510 Fluid (50 centistokes) 525 
200 Fluid (100 centistokes) 575 840 


SF-96 (100 centistokes) 605 
510 Fluid (100 centistokes) 525 


510 Fluid (500 centistokes) 525 
510 Fluid (1000 centistokes) 525 


Product Mfr. 
AeroShell Grease 6 Porae : 16 
Sinclair 7118 Grease Reds be ee 
Synthetic E P Grease (under test) 13 
Royco 11R A 15 


MIL-L-15719A Am. 1. Lubricating grease, high tem- 
perature, for electric-motor ball and roller bearings. This 
high-temperature grease (type HTG) is composed of a 
silicone fluid and a lithium soap. Intended for lubrication 
of ball and roller bearings only, primarily for lubricating 
Class H insulated (silicone) electric motors with heat- 
stabilized ball bearings. Must not be applied to bearings 
in which the main action involves sliding metal on metal. 
Operating temperature range 0 to +300 F. 


Product 
DC 44 Grease (special consistency grade) 


(—40 to +350 F) eet * 6 


Myr. 


MIL-G-15793 (BuOrd), Am. 2. Lubricating grease, 
instrument. Operating temperature of —65 to +250 F 
(—54 to +121 C). Special properties with respect to 
evaporation, rust prevention, and oxidation stability. 
Consists essentially of a high-grade synthetic oil, lithium 
soap and additives. 


Product Mfr. 


L-793 


MIL-G-0025013B (ASG). Grease, ball and roller 
bearings, extreme high-temperature range, —40 to +450 
F (—40 to +232 C). Next revision of this specification, 
currently under preparation, will cover an extended low- 
temperature range. Operational requirements for this 
grease is 500 hr at 450 F in a Navy Tester (204 size 
bearing). 


Product 
Shell ETR Grease D (Shell ETR H designed to meet 
next revision of spec.) ... 


Myr. 


O00 


| 
Viscosity at —65 F, 
centistokes 


Flash point, 
deg F 


Pour point, 
deg F 


149 83 





Below —90 
—76 
Below —120 
—67 
Below —105 
—80t 
—67 
—85 
—67 
—80t 
Below —100 
Below —100 
Below —100 
—100 
Below —80 
—80t 
—80t 


600 500 

600 650 

370 754 typ. 
830f 


345 1015 

1150 

1900t 

525 1950 to 2025 est. 
560 2848 

575 3487 

420 6400 

465 6430 typ. 
12,000t 
24,000f | 





———L sss 


* Fluids listed are those whose pour points are below —65 F. + Freeze point. 
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NEMA to Reorganize 
Into Eight 
Semi-Autonomous 
Divisions 


THE NatioNaAL ELecrricAL MANUFACTURERS ASSOCIATION, 
at its annual meeting in Atlantic City November 11, approved 
(subject to confirmation by letter ballot) a reorganization 
plan which “merges the efficiencies of corporate management 
with its present top-flight trade association practices.” The 
new organizational format for the 33-year-old association was 
presented by W. C. Wichman, chairman of the planning 
committee, a vice president of the General Electric Company 
and general manager of its Hotpoint Division. The associ- 
ation also named a new set of officers under the contemplated 
setup, headed by N. J. MacDonald (see column at right). 

The association also honored Clarence T. Evans, consulting 
electrical engineer for Cutler-Hammer, Inc., Milwaukee, 
with a 50-year award for having devoted a half-century of 
service to the electrical industry. Mr. Evans went to work 
for Cutler-Hammer shortly after receiving a degree in 
electrical and mechanical engineering from Ohio State 
University in 1908. In the course of his career, Mr. Evans 
was awarded 50 patents in the motor control field. He 
served as NEMA’s principal representative on Panel No. 11 
of the National Electrical Code, which deals with instal- 
lation requirements for motors and generators and their 
controls. 

In essence, the NEMA reorganization calls for the for- 
mation of eight semi-autonomous divisions, composed of 
industry product sections having mutual interests, guided 
by their own boards of directors, and represented in NEMA’s 
policy-making circles by their own divisional vice presidents. 
Divisions will be composed of sections whose member 
companies produce consumer products; lighting equipment; 
industrial equipment; building equipment; insulating mat- 
erilals; wire and cable; generation, transmission and dis- 
tribution equipment; and_ industrial electronics and 
communications equipment (see detailed list below). 

NEMA’s product-scope pattern is to be broadened so 
that newly named divisions can go beyond designated prod- 
ucts within their constituent sections to “include a number 
of important branches of the electrical manufacturing in- 
dustry” now outside NEMA’s restricted province. 

The association’s membership base is to be broadened 
in line with broader division scopes and the new concept 
for a more inclusive industry-wide trade organization. 

In presenting the Planning Committee’s recommendations 
for a “revitalized Association,” Mr. Wichman pointed out that 
the revisions recommended “introduce the life-giving prin- 
ciple of decentralization . . . and allow the product sections, 
the building blocks of NEMA, to control their own destinies, 
to the end that NEMA can successfully adapt itself to the 
changes of the past and the challenges of the future.” 

Serving with Mr. Wichman on the Planning Committee 
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N. J. MacDonald, NEMA President for 1959-60 


N. J. MacDonald, president of The Thomas & Betts Company, 
Elizabeth, N.J., was elected president of the National Electrical 
Manufacturers Association at the closing session of NEMA’s 
33rd annual convention in Atlantic City, November 12. He 
succeeds J. L. Singleton, senior vice president, Industries Group, 
Allis-Chalmers Manufacturing Company, Milwaukee. 

Mr. MacDonald was born in Scotland of American parents, 
who returned with him to the United States during his early 
years. He joined The Thomas & Betts Co. in May 1921 as a 
district salesman. Eight years later he became sales manager. 
He was elected a director in 1935, and in 1940 he was named 
vice president in charge of sales. Four years later he was made 
general vice president. 

Long active in NEMA affairs, Mr. MacDonald was chairman 
of the Conduit Fittings Section, the Industrial Low Voltage 
Section, and was chairman of the Electrical League Interde- 
pendence Committee. During World War II, he also served in 
Washington on the War Production Board as electrical industry 
advisor to the distributors branch and helped to form some of 
the industry’s priorities. 

Mr. MacDonald was elected to the NEMA board of governors 
in 1954 and has served as a NEMA vice president since 1956. 
He was chairman of the Industry Committee for the observance 
of National Electrical Week in 1959 and will also head the 
1960 observance. 

W. C. Wichman, vice president of General Electric Company 
and manager of its Hotpoint Division, Chicago, was elected s 
NEMA vice president. A. D. Fraser, president of Rome Cable 
Corporation, Rome, N. Y., was elected treasurer. 


are J. R. MacDonald, chairman and president, General 
Cable Corporation; C. H. Bartlett, vice president, Apparatus 
Products, Westinghouse Electric Corporation; A. A. Berard, 
president, Ward Leonard Electric Company; R. Stafford 
Edwards, president, Edwards Company, Inc; J. J. Mellon, 
chief engineer, Allen-Bradley Company; D. J. O’Conor, Jr., 
president and general manager, Formica Corporation; F. H. 
Roby, executive vice president, Federal Pacific Electric 
Company; and J. L. Singleton, senior vice president, Indus- 
tries Group, Allis-Chalmers Manufacturing Company, and 
retiring president of NEMA. 


Product Sections in Proposed NEMA Divisions 
Consumer Products Division 
Room air-conditioners, dehumidifiers, electric ranges, household 
(Continued on page 188) 
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Matrix Algebra: 
Analytical Shorthand 


For Speed and Accuracy 


ARNOLD E. RUDAHL 


Associate Editor 


In our Basic Science and Engineering program, we 
are undertaking to provide the design engineer with 
guidance in fundamental disciplines and physical 
phenomena in terms that he can use for engineering 
purposes. In “Determinants and Matrices,” we believe 
that our authors have accomplished our aim by scru- 
pulously avoiding bypaths in a subject abounding in 
them. In our background study of the reference and 
collateral material, we found ourselves constantly di- 
verted by vistas of unexplored regions and finding it 
necessary to recall that mathematics in itself is power, 
and that to the engineer “power” is essentially a ques- 
tion of control and selective use. 

Matrix algebra is one of the many mathematical 
tools for organizing scientific thinking and reasoning, 
for presenting engineering ideas in a form that permits 
rapid study and development. With ordinary algebra, 
the engineer has a system of shorthand with which 
he can express and study logical relations between 
quantities; with matrix notation the engineer can do 
more faster, still with his basic algebraic logic but 
with a means of depicting operations in a still more 
brief and powerful manner. 

The electrical circuit presents the clearest and most 
complete engineering basis for demonstrating matrix 
algebra because of the abundance of algebraic opera- 
tions and transformations inherent in even a simple 
network. It must be remembered also that many me- 
chanical and dynamic electrical systems are best 


analyzed by translation into equivalent passive elec- 
trical networks, precisely because the electrical circuit 
and methods of analyzing it are so universal when 
properly considered. 

The present article provides some of the basic tools 
for the broad concept of network and circuit study 
and analysis and for all the engineering problems that 
can be based on and derived from the electrical circuit 
analogy. It is the first of a present group of four 
“Basic Science and Engineering” articles to be devoted 
to the fundamental principles and some of the many 
important derivative ideas in electrical network theory 
and practice. In our next issue, January 1960, there 
will appear a major presentation of network analysis 
methods by Louis Weinberg, Head of Communications 
and Networks Research Section, Hughes Research 
Laboratories. In the near future this particular pro- 
gram will also bring a comprehensive article on dif- 
ferential equations for the engineer, and then an ex- 
position of the use of electrical circuit analog methods 
for engineering analysis of (for instance) mechanical 
systems. 

Complete descriptions and analyses of electrical 
networks may consist of mathematical statements in- 
volving many variables, and the operations on the 
variables may entail many transformations from one 
framework to another. The sheer labor of detailed 
complete re-writing of sets of equations for mathemati- 
cal development, with all the possibility of error, led 
to the adoption of a contracted notation in which a 
rectangular pattern of coefficients is detached from 
their variables. This matrix of coefficients is then con- 
sidered to be an operator acting on the variables. 
Cayley, one of the originators of the matrix notation, 
investigated the nature of these operations and formu- 
lated matrix algebra. The method, once understood and 
mastered, is a powerful one for use by the engineer 
since it offers brevity of statement and an orderly 
format for mathematical operation that offers a high 
degree of insurance against the fatal errors in polarity 
or sequence which may occur in laborious literal 
methods of analysis. 

Sets of simultaneous equations are the inevitable 
result of the analysis of multi-variable systems such 
as electrical networks. The direct substitution of 
variables for solving anything but rudimentary sets of 
equations is entirely impractical and is conducive to 
error. The determinant method of presenting and 
analyzing equations offers every advantage in speed 
and accuracy. The versatility and order-preserving 
utility of the general rules for determinant applica- 
tions can be extended to sets of equations of higher 
order by the use of particular methods of expansion 
and development. Both the basic properties of de- 
terminants and certain of the more useful refinements 
of the method are demonstrated in the present article. 


Of the two authors of “Determinants and Matrices,” one 
has been previously introduced to readers of ELEcTRICAL 
Manuracturinc. Allan Kraus was the author of the basic 
article, “Heat Flow Theory,” of last April and of a number 
of practical application articles. His colleague, Gerald 
Ross, is also a Senior Engineer in the Advanced Systems 
Development Department of the Countermeasures Division 
at Sperry Gyroscope Company. Ross was Research Assistant 
at the University of Michigan, USAF Electronics Project 
Officer at Holloman Air Force Base, and then Senior Staff 
Engineer with W. L. Maxson Corp. He received a B.E.E. 
from the College of the City of New York in 1952, an 
M.E.E. from Polytechnic Institute of Brooklyn in 1955, 
and is currently completing the course work for the D.E.E. 
degree at the Institute. 
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I. Introduction 


1. What Is Matrix Algebra? 


A matrix is a rectangular array of numbers involving 
quantities which may be real or complex numbers, func- 
tions, derivative operators, etc. It is important to keep 
in mind that the whole rectangular array is a matrix — in 
other words, it is an entity. To denote this important fact 
the array is set off by square brackets, bold-face brackets, 
or double-line columns. For example: 


The matrix, then, is essentially a whole array of numbers 
treated as one entity and consists of horizontal lines, called 
rows (m) and vertical lines, called columns (n) which 
determine the order of the matrix. (When m = n, the 
array is called a square matrix of the order n.) Being 
an entity, the matrix is described by a single symbol (A, B, 
etc.) set in bold-face; the entries within a matrix are 
denoted by lower-case letters (a, b, etc.) whose position 
is specified by an ordered pair of numerical subscripts. 
In other words, the position of element b,, in matrix A is 
third row, second column. In general terms, as used in 
definitions and proofs, the elements of a matrix A are an- 
notated as follows: a;;. The symbol a,; is called the typical 
element of matrix A, because the subscripts i and j may 
stand for any position in the matrix. 


(Copyright 1959 by C-M Technical Publications Corporation) 
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2. The Application of Matrix Algebra by 
Engineers 


The matrix formation functions as a convenient method 
of studying properties of linear transformation. As we 
may learn in the undergraduate course on circuit theory, 
the behavior of electric networks is described in terms 
of the variables, current and voltage. Mathematically, this 
is equivalent to fixing a point on a two-dimensional graph 
by two coordinates. We are also accustomed to thinking 
in terms of three-dimensional space, and we have, there- 
fore, no difficulty in accepting (and taking for granted) 
the fact that we can locate any point in three-dimensional 
space by means of the three numbers we term the coor- 
dinates of the point. Therefore, in considering one more 
variable besides current and voltage to determine the 
behavior of electrical networks, we simply transfer the 
description from the two-dimensional to the three-dimen- 
sional. However, three dimensions are not enough! We 
must also consider other qualities, such as charge, magnetic 
flux, etc., and we may find that the behavior of electrical 
networks is determined by n variables, so that an adequate 
description requires the equivalent of determining a point 
in n-dimensional space. 


Electric network theory, like every scientific theory, 
attempts to describe certain phenomena of the physical 
world by setting up a mathematical model, which is based 
both on observations of the physical phenomena and ex- 
perience with other pre-tested mathematical models. It has, 
basically, a two-fold purpose: it should enable us to under- 
stand natural phenomena, and it should give us a premise 
from which we can draw logical conclusions which, in turn, 
will permit us to predict experimental results. These con- 
clusions are regarded as “laws” and are stated in terms 
of the variables of the mathematical model. In network 
theory, the fundamental laws are Kirchhoff’s laws, the 
first two of which are discussed in this article. 

In order to consider the n variables which determine 
the behavior of electrical networks, it is necessary to solve 
systems of simultaneous algebraic equations. It is possible 
to find the solutions for such systems by direct substitution 
or elimination of variables by several applications of multi- 
plication or division and addition or subtraction. However, 
as the number of equations in the system increases, this 
task obviously becomes tedious and impracticably time- 
consuming. For this reason, it is imperative to use a concise 
method to solve simultaneous algebraic equations—and one 
is fortunately at the disposal of the mathematician and 
engineer. 


Il. Determinants 


l. What is a Determinant? 


A determinant of the first order consists of a single 
element a and has, therefore, the value a. A determinant 
of the second order contains four elements in a 2-by-2 
square array with the value 


ayb ayb 


A determinant of the third order is similarly defined (in 
terms of second-order determinants) as 


| 


order consists of a 
whose total number 


Therefore, a determinant of the n 
square n-by-n array of elements a 
is n®, as shown: 

ay Ay 

ayn Az 


1 Gni ne 


Although this representation seems to be purely abstract, 
it can be proved to be a rational integral function which 
can be evaluated in a number of ways and used advan- 
tageously to solve systems of simultaneous equations. 

Consider, for example, the following system of simul- 
taneous equations: 


yy Zi + Aye Se eC (1.1) 
Gy Zi + Ax T2 = Ce (1.2) 


for which the solution is the value of x, and x. sought 
in terms of the constants @,,, d,., @s,, @.., c, and c.. If Eq 
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(1.1) is multiplied by a,. and Eq (1.2) by a,.. it follows 


that 
(loo Ay, Ly + Ag Ayo Le Ar C; 2.1) 
9 9) 


(ye Ay Fy + Aee Aye Le ay2C¢ oon) 


Subtracting Eq (2.2) from Eq (2.1) eliminates the x, 
values and determines that 


(ax a; — Q2An) 7 ? 9 (3) 
from which it follows that 


dat; — 
ag Ai — 


and, similarly, 


Q\; Ce — Ayn C 
“= (4.2) 


22 Ay, — Aj2 Ae 


Since, according to Eqs (4.1) and (4.2), the denominators 
of the equalities for x, and x. are equal, they can be 
represented as follows: 


Similarly, according to Eqs (4.1) and (4.2), the numera- 
tors may be represented for x, as 


and for x. as 


The reasoning applied to solve the two simultaneous 
equations [Eqs (1.1) and (1.2)] applies equally to a 
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system of three equations, such as 


Ay Li + Ai2 Le + Ag Zz = 
Gx Zi + A22 Le + 23 73 = 


G3, Zi + Azo Zo + 33 73 = 


from which it follows that 


a 1022033 + G1 2023C3 +1 3C232 — C3223 — Az2Q23C, — A33C2A)2 7) 
4122033 +1 242303) +1 342132 — Az, A22Q)3 — 232230) — A334210)2 


in which the numerator can be represented as the third- 
order determinant, 


C; Ai as 


C2 Ay Ay 


| 3 Q32 «6633 
and the denominator as the third-order determinant, 


| Qj, Aj ay 


|} Qa G22 Ar | 


Q3, G32 33 


The method of evaluating the second- and third-order 
determinants is indicated in Eqs (5) to (8). The second- 
order determinant is evaluated as the remainder of the 
product resulting from the multiplication of the upper 
left by the lower right elements (i.e., the elements of the 
principle diagonal) minus the product resulting from the 
multiplication of the upper right by the lower left elements. 
This is demonstrated in Fig. 1. The third-order determin- 
ant is evaluated by the sums and differences of terms con- 
sisting of the elements shown in Fig. 2 (a and b). Figure 
2(b) shows the first two columns of Fig. 2(a) more 
simply by eliminating the bends in the arrows which, in 
Fig. 2(a), indicate the multiplication. It is important to 
note that the diagonals of a determinant are continuous; 
i.e., the last column is assumed to be followed by the first 
column, and the last row is assumed to be followed by 
the first row. 


EXAMPLE: 


Consider the determinant, 


which is evaluated, as shown in Fig. 1, as 


= 2(4) — 3(1) = 8 —3 =5 


The third-order determinant, 


12 
31 
14% 
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4 


4 


Fig. 2—Third-order determinant evaluation. The principal 
diagonals, Fig. 2a, are shown more clearly by rearrangement 
of the columns, Fig. 2b. 


is evaluated, as shown in Fig. 2 (a and b), as 


= 1(1)(5) +2(2)(1) +2(3)(4) — 10.)(2) — 4(2)) — 53) 2) 


=5+4+24—2-—8-—30 
=33 —40 


== 


2. Rules for Determinant Operations 


Several rules applying to the simplification and manipu- 
lation of determinants are presented in this section without 
formal proof, although their truth and application is 
amply demonstrated. To illustrate the validity of the 
following determinant rules, the third-order determinant, 


321 
1 4 2] =3(4)(1) +2(2)(1) +113) — 1(4) (1) —3@2)3) — 1D) 


1131 


=12444+3-4-18-2 
=19-24 
=—5 





will be quoted as an example whenever it is applicable. 


2.1 Rule One: Interchanging any row of a determinant 
with its corresponding column, or any column with its 
corresponding row, does not change the value of the 
determinant. EXAMPLE: The second row of the quoted 
determinant is interchanged with the second column: 


\s 11 
3 43) =3(4)(1) + 1(3)(1) + 1(2)(2) — 1(4)(1) — 2(3)(3) — 1(2)(1) 
1121) 


¢ 
=—9 


2.2 Rule Two: Interchanging any row or column of a 
determinant with its immediately adjacent row or column 
results in the negative value of the original determinant. 
EXAMPLE: The second row of the quoted determinant is 
interchanged with the third row: 


321 


}1 3 1) =3G)@2)+20)0) +10)(4) — 13)C) — 4G) — 201) 2) 


2.3 Rule Three: Multiplication or division of any single 
row or column of a determinant by a constant is equivalent 
to multiplying or dividing the entire determinant by the 
same constant. EXAMPLE: The first column of the quoted 
determinant is multiplied by 2: 


ca -seee 
@2/=|2 4 2] 
31 231 
= 6(4)(1) +2(2)(2) +1(2)(3) — 2(4)(1) —3(2)(6) 
=—10 


1(2)(2) 


This, indeed, is equal 


3 2 
2} 1 4 
1 3 


2.4 Rule Four: When any two rows or columns of a 
determinant are identical, the determinant is numerically 
equal to zero. EXAMPLE: The second row of the quoted 
determinant is changed to equal the first row: 


321 
2 1| =3(2)(1) +2(1)(1) +13)(3) — 1(2)(1) — 3013) — 13)(2) 
3 1] 
| 
=0 


2.5 Rule Five: When all elements of any row or column 
of a determinant equal zero, the determinant is numerically 
equal to zero. EXAMPLE: All elements in the third column 
of the quoted determinant are set equal to zero: 


320 
=3(4)(0) +2(0)(1) +0(1)(3) — 1(4)(0) — 3(0)(3) — 0(1)(2) 


2.6 Rule Six: If the elements of any row or column of a 
determinant are added to or subtracted from the elements 
of any other row or column, the value of the determinant 
is unchanged. EXAMPLE 1: The elements of the third row 
are added to the elements of the quoted determinant. (The 
third row is left unchanged.) This, seemingly, creates a new 
determinant, but does not change the value. 


(3+1) 
1 4 2 


2+3) (1+1) 


1 3 1 3 1 
| | 
= 4(4)(1) +5(2)(1) +2(1)3) — 1(4)(2) —3(2)(4) — 10)(S) 


=<) 


EXAMPLE 2: The elements of the third row are subtracted 
from the elements of the first row of the quoted determin- 
ant, with similar results. 


a-1) @-5 <da-b 


l 4 2 it 
| 
1 3 l l 


= 2(4)(1) +(—1)(2)(1) +001)(3) — 1(4)(0) —3(2)(2) —10(— D) 


=—5 


2.7 Rule Seven: When all elements along the principle 
diagonal of a determinant equal unity and all other elements 
equal zero, the determinant has a value of unity. EXAMPLE: 


100] 


01 0| = 1(1)(1) + 0(0)(0) +0(0)(0) — 0(1)(0) — 0(0)(1) — 1(0)(0) 


' 
001 


=1 


3. Application of Rules 


The seven rules cited in the preceding section may be 
applied consecutively (i.e., each to the result of the pre- 
ceding step) to evaluate third-order determinants. The 
specific third-order determinant used is: 


and the indicated consecutive steps are followed. 
Step 1—Divide the first row by 2 (Rule Three): 


: & 
1 4 
5 a | 


Step 2—Subtract the first row from the second row (Rule 
Six): 
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Step 3—Multiply the first row by 3 (Rule Three): 
a 3 6 
(2)(1/3)| 0 3 4 
as = 


Step 4—Subtract the first row from the third row (Rule Six): 


3 3 6 
(2/3)| 0 3 4 
0-2 2 


Step 5—Divide the second row by 3/2 (Rule Three): 


3 3 6 
8 
0 23 


0-2 2 


(2/3)(3/2) 


Step 6—Add the second row to the third row (Rule Six): 


Step 8—Subtract the second column from the third column 
(Rule Six): 


0 
1 
= 
4 
3 


| 
Step 9—Divide the second column by 2 (Rule Three): 
3 3 0 
(1/2)(2)| 0 
0 


Step 10—Subtract the first column from the second column 
(Rule Six): 


Step 11—Multiply the second row by 7 and third row by 2 
(Rule Three): 


3 0 0 


(1/7)/2)| 0 14 “2 


28 


0 0 — 
3 
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Step 12—Add the third row to the second row (Rule Six): 


- = © 
(1/14)| 0 14 0O 
28 


oo 


Step 13—Divide the second row by 14 (Rule Three): 


3 0 0 
(1/14)(14)|} 0 1 0 
28 


9oF 


Step 14—Divide the first row by 3 and the third row by 
28/3 (Rule Three): 


lio 


(3)(28/3)| 0 1 0 
e <¢ 3 


According to Rule Seven, the determinant 


0 0 


that the quoted determinant 


9 
< 


4 
4 6 = 28 
8 


Note: This result can be proved equally by the straight- 
forward evaluation shown in Fig. 2; namely, by determining that 


146 


= 2(4)(8) +2(6)(3) +4(1)(1) — 3(4)(4) — 1(6)(2) — 8(1)(2) 
318 | 


\ 
= 28 


4. Evaluation of Higher-order 
Determinants 

The rules for the evaluation of second- and third-order 
determinants (as given in Section 1) and their application 
(as given in Section 2) may be applied successively for 
the evaluation of higher-order determinants; however, this 
process becomes increasingly cumbersome as the order of 
the determinant increases, and other methods had to be 
found. The two methods most commonly used to evaluate 
fourth- or higher-order determinants (Laplace’s Expansion 
—sometimes called Laplace’s Development—or the Method 
of Pivotal Condensation) will be discussed in Sections 
4.2 and 4.3, respectively. The section immediately follow- 
ing will define specific terminology, without which the 
language of determinants cannot be fully understood. 
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4.1 Definitions: Consider the n‘*-order determinant, 


| 
ais ee Qin | 
| 


An) Un? 


for the following definitions. 

@ Minor: The minor (designated M;;,) of a determinant 
is the determinant formed by deleting a row and a column. 
For example, the minor My, of determinant A is formed 
by deleting the i“ row and k™ column of determinant A. 
In general terms, the minor formed by deleting p rows and 
columns of an n‘*-order determinant is called the (n — p)- 
rowed minor or, more simply, the (mn — p) minor. When 
p = 1, the minor is called a first minor; when p = 2, 
the minor is called a second minor; and so on. 

@ Complement: The complement (designated N) of a 
minor is the determinant formed by placing the elements 
which lie at the intersections of the deleted rows and 
columns of the original determinant in a square array in 
the order in which these elements appeared in the original 
determinant. EXAMPLE: Consider the 4th-order determin- 
ant, 


ai: 
an 
age 


ay 3 ay; 


as the quoted determinant in the following steps. The first 
minor, formed by deleting the third row and the fourth 
column of the quoted determinant, is 


ay; 
an 


ag 


The second minor, formed by deleting the third and first 
rows, and the fourth and third columns of the quoted 
determinant is 


The complement of the first minor, M,,,, is 


N = Ay 


and the complement of the second minor, M,,, 
13 


(14) 


Both complements have been formed from the elements 
at the intersection of the deleted rows and columns of the 
original determinant. (Note that the complement of a 
first minor is a single element.) If, in determinant A, the 
minor M is formed by deleting rows g, h, i, . . . and 
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columns q, r,s, . . . of the quoted determinant, the algebraic 
complement of M is defined as 
face ee a ee ey (15) 


@ Co-factor: The co-factor (designated A;,) is an 
algebraic complement consisting of a single element. A 
co-factor exists whenever only one row and one column 
of the original determinant are deleted. For example, the 
minor, M;,, formed by deleting the i“ row and the k® 
column of determinant A, will be a single element, a;,. 
Therefore, the co-factor 


Aw = (-1)'t*N 
= (-1)'t*¥ au (16) 


EXAMPLE: Consider the following fourth-order determinant 
and delete the third row and fourth column. 


-1 2 
1 3 


The resulting minor, 


| 1 
| 


My = | 4 
1 
will have the complement 
N = -1 
and, therefore, the algebraic complement (co-factor) 
An — 


4.2 Laplace’s Development. Laplace’s Development is 
the evaluation of higher-order determinants by the method 
attributed to Laplace. The step-by-step procedure follows: 

Step 1—Choose any row or column. 


Step 2—Form all first minors from the selected row or 
column. (If a row is selected, the minors formed with this 
row and all columns are computed. Similarly, if a column 
is selected, the minor formed with this column and all rows 
are computed. 


Step 3—Multiply each minor computed in Step 2 by its 
co-factor. 


Step 4—Add the products obtained in accordance with Step 
3. The resulting sum equals the original determinant. 


EXAMPLE: Consider the fourth-order determinant quoted 
in Section 4.1, 


] 
4 
3 
1 


and choose to delete the fourth column to form four minors. 
This procedure can be demonstrated in the following way: 


f Row 


Original determinant Minor 


1 -l 2 (deleting first row) My 
1 3 


a a 


(deleting second row) My 
(deleting third row) My 


2 | (deleting fourth row) My 
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Complement Co-factor 


N=2 Au = (—)!' +4) 
N=3 Ay = (—1)*4(3) 


= (—2) 
= (+3) 
N=-1 Ay = (-1)'*+*(-1) = (41) 


N=5 Aw = (—1)***(5) = (+5) 
A = AuMiy, + AuMa + AuMu + AuMa 


My Mx 
] 3 
+(+3)/ 3 1 
l 3 


=(—2)[4(1)(2) + 1( —2)(1) +13)) — 10.) (1) — 3(— 2)(4) 
—2(3)(1)) 


+(+3)(101)(2) +3(— 2)(1) +(— DB)(3) — 10)(— 1) 
—3(—2)(1) —2(3)3)] 


+(+)D[10)(2)+30)) +(— DG) — 10)(— D — 30) 0) 
—2(4)(3)] 


+(+5)[101)(— 2) +3(DG) +(— D@)) — 30)(—- 1) 
—1(1)() —(—2)(4)8)) 
=(—2)((8)+(—2) +(9) —(1) —(— 24) — (6) +(+3) 
[(2)+(—6) +(—9) —(— 1) —(—6) — (18) ] 
+(+1)[(2)+@)+(—12)—(— 1) — GB) —(24)) +(+5) 
((—2)+(9) +(—4) —(—3) —() —(— 24)] 
=(—2)(+32)+(+3)(— 24) ++ I-33) +(4+-5)( +29) 


=—24 


4.3 The Method of Pivotal Condensation. This is an- 
other method used to evaluate higher-order determinants 
and is sometimes called The Method of Pivotal Elements. 
The step-by-step procedure follows: 


Step 1—Choose a convenient element, dix. 


Step 2—Delete the row and column passing through ele- 
ment dix. 


Step 3—Subtract the product of the elements in the deleted 
row and column from each element in the minor formed ac- 
cording to Step 2. (Use only the elements corresponding to 
the row and column of the element in question.) 


Step 4—Multiply the determinant computed in Step 3 (which 
is of an order inferior by one to the order of the original 
determinant) by the co-factor of the minor formed by delet- 
ing the row and column as computed in Step 2. The resulting 
product equals the original determinant. 


EXAMPLE: Consider the fourth-order determinant quoted 
in Sections 4.1 and 4.2: 


and choose the element at the intersection of the first row 
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and first column (a,,). The minor resulting, according to 
Step 2, is 


The new determinant, according to Step 3, is 


1 — 4(3) 
1 — 3(3) 
3 — 1(3) 


1 — (4-1) 
—2 — 3-1) 
2-—1(-1) 


3 — 4(2) 
—1 — 3(2) | = 


5 — 1(2) 


which is evaluated, according to Step 4, 

= —11(1)(3) +5( — 7)(0) —5( —8)(3) —0(1)( —5) —3(—7)(—11) 
—3(—8)(5) 

=—24 


The co-factor, A,, = (—1)*(—1) = 1; therefore, the 
product of the co-factor and the reduced determinant can be 
computed as 1(—24) = —24, and the conclusion can be drawn 
that evaluation by Laplace’s Development is identical with 
evaluation by the Method of Pivotal Condensation. 


5. Cramer’s Rule 


Cramer’s Rule is a method of employing determinants 
to solve a system of simultaneous equations. To illustrate 
this method, let us examine the following set of n simul- 
taneous equations: 


QZ + Gin Fe + Ais Fz + +++ + Ain Tn = C1 
Ay 2 + G22 2 + G23 73 + +> 


G3; 2; + Azo Fo + G33 73 + +°* 


+ don In = C2 
+ Asn In = C: 
Qni T1 + Anz Te + Gng T3 + *** + Ann In = Cn 


Suppose every equation in Eqs (17) were multiplied 
by the co-factor of the minor, which is formed by deleting 
the n™ row and the first column. The result of adding 
the products of this multiplication and collecting the terms 
will be: 

(aiAn + @nAn + anAn + --- 
(ay2A1, + G@x2An + a2An + <-> 
(a;3Ai, + @23An + G33An + --° 
(ainAis + GanAn + GanAn + +++ + GnnQni)Fn 

‘= Ant: + Ants + Ants + +-* + Anien (18) 
According to Laplace’s Development of an n-order de- 
terminant with respect to the elements of the first column, 

QyAy + anAn + anAg + +++ + @mAnm = A (19) 
Since, by definition, 


Mix = (—1)** Axx 


+ Om An)zi + 
+ An2Ani)r2 + 
T On3An) 23 + sin 


(20.1) 
and 
Ai = (-1)*** au (20.2) 
it follows that 
MirAc = [(—1)***Axe} [(—1)* ae 
= Aindir (21) 
Comparing Eq (19) with the coefficient of x, in Eq (18) 
proves the relevance of Laplace’s Development with respect 
to the elements of the first column of the determinant A 
formed from the coefficients of all x terms in the system 


of Eqs (17). It is further apparent that the coefficient of x, 
in Eq (18) conforms to Laplace’s Development with re- 
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spect to the first column of a determinant with identical 
first and second columns. According to Rule Four (pre- 
sented in Section 2.4) this determinant is numerically equal 
to zero regardless of the value of the elements. The 
coefficients of x,,..., x, in Eq (18) are similarly proved 
to equal zero. Therefore, Eq (18) is reduced to 


(@,Ay + Q@nAn + a3An + +++ + GumAn)r = 


Ant; + Ante + Ants + +++ + Anien 


Az, = Aye; + Ants + Ants + +++ + Ani€n 


from which it follows that 


x Ants + Ante + Ants + --- 


sss + Ann 
A 


Inspection of the determinant in Eq (23) proves that 
by the application of Laplace’s Development to this de- 
terminant (replacing its first column by c,, Co, C3,..- 5 Cn); 
a result identical to the numerator of Eq (22) is obtained. 
Therefore, we conclude that 


and that solutions for x., x., . . 
identically. 

In other words, Cramer’s Rule, as illustrated by Eq (24), 
may be stated simply as a series of steps, with reference 
to the systems of Eqs (17), to determine a unique solu- 
tion for any one of the variables x,, x., x,,..., X,. For 
example, for the variable x;: 


. » X, can be developed 


Step 1—Form a determinant of the coefficients of x,, x,, 
ee 


Step 2—Form another determinant, as indicated in Step 1, 
but replace the it® column of coefficients (namely, the coeffi- 
cients of x,) by the column of c’s (c,, Cy, Cz, ..- 5 Cy)- 


Step 3—The unique solution for x; will be the determinant 
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Ammeter 





Fig. 3—Circuit showing mesh currents. 


formed in Step 2 divided by the determinant formed in Step I, 
provided the determinant formed in Step ] does not equal zero. 


6. Putting Determinants to Work 


There are many opportunities for putting determinants 
to work where solutions to problems concerned with speci- 
fying a required quantity are needed. To illustrate the 
power of the determinant approach, the problems in Sec- 
tions 6.1 and 6.2 are presented. 


6.1 The Method of Mesh (or Loop) Analysis. Consider 
a direct-current problem which presents some difficulty 
when solution is sought by a direct combination of resist- 
ances in series and parallel. A typical network of resistances 
connected to a battery is shown in Fig. 3. The currents, 
i,, i., and i,, are fictitious currents which have been in- 
serted into the network for the purpose of aiding in the 
solution of the problem. If the current drain from the 
battery (as measured by the ammeter) is to be determined, 
the Method of Mesh or Loop Analysis can be used. This 
method involves repeated application of Kirchhoff's Volt- 
age Law: 


In any closed path, the sum of the voltage 
drops around the path equals zero. 


Consider Fig. 4 as an illustration of Kirchhoff’s Law. In 
accordance with Ohm’s Law, the current in this series 
circuit, 


_E E 100 100 
Rr Ri+R+R; 504+304+20 100 











I 


1 amp 


and the voltage drop across each resistor, 


V, = IR, = 1(50) = 50 volts 
V. = IR: = 1(30) = 30 volts 
V; = IR; = 1(20) = 20 volts 


In other words, the total voltage drop is 50 + 30 + 20 
= 100 volts. Since, according to Kirchhoff’s Voltage Law, 
the algebraic sum of the voltage drops around the closed 
path of Fig. 4 equals zero, it follows that 


E-VvV, -— > —V,; =0 
E=V,+ v2+ Vs 
which means that 


100 = 50 + 30 + 20 


The number of meshes or loops having been determined, 
a fictitious current is placed in each mesh or loop, as 
shown in Fig. 3, where these fictitious currents are desig- 
nated i,, i, and i,. Repeated application of Kirchhoff’s 
Voltage Law results in independent voltage equations equal 
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in number to the number of meshes. When Kirchhoff’s 
Voltage Law is applied to the three meshes shown in Fig. 
3, it can be noted that the current through any element 
common to more than one mesh is the sum of or the 
difference between the two-or-more mesh currents. 
Therefore, the mesh equations can be stated as: 


Mesh 1: 
Mesh 2: 
Mesh 3: 


24 + 104, ~~ le) = E = 6 
Siz + 6(i2 — 3) + 10(i2 — 4) = 0 
6(is — is) + 2i3 + 5is; = 0 


These equations can be simplified into a system of 
simultaneous equations as follows: 


Mesh 1: 
Mesh 2: 
Mesh 3: 


12%, — 10% = 6 
—10%; + 21iz —_ 61; = 0 
—6i, + 1li; = 0 


This system of equations can be solved, according to 
Cramer’s Rule for the value of i,, which is the reading 
of the ammeter and, therefore, the current drain on the 
battery. The solution is as follows: 


—— = 0.944 amp 

0 
—6 
11 





6.2 The Method of Nodal Analysis. The circuit shown 
in Fig. 3 may also be solved by the Method of Nodal 
Analysis, which is based on the repeated application of 
Kirchhoff's Current Law: 


The sum of currents entering any point in 
a network must equal the sum of the cur- 
rents leaving the point. 


Note the points designated A, B, and, O in Fig. 3, which 
are node points. The connections between the node points 
are called branches. The branch between node points A 
and B, as shown in Fig. 3, contains one element, namely 
a 5-ohm resistor. To use the Method of Nodal Analysis 
the number of circuit nodes and the current in each branch 
must be determined. A system of independent current 
equations equal to one less than the number of nodes may 
then be written. As an example, consider the problem of 
determining the voltage across the 10-ohm resistor in the 
branch between node points A and O which will be the 
node voltage V,, as shown in Fig. 3, and adopt the con- 
vention that currents flowing away from the node are 
positive. Therefore, the node equations can be stated as, 


Vio — 6 


eA: 3 


1 1 
+7 Vao += Vas = 0 
and 


1 1 
Node B: Vea +-2-Va0 + 5g Vao = 0 
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£=100 volts = 


Fig. 4—Kirchhoff's Voltage Law. 


These equations can be simplified by dropping the double- 
subscript notation (and noting that Vig = Vio — Va0 = 
Va _—— Vp): 


1 1 
Node A: |+ +70 


1 aa ee 
+3 | ran~Eterges 


and 


Node B:  —+Va + + +44 | Ve = 0 
5 a e.g 


from which, according to Cramer’s Rule, 





= 4.11 volts 


Therefore, 


_ 6-411 
2 
0.944 amp 


is identical with the solution attained by the Method of 
Mesh Analysis, as demonstrated in Section 6.1. 

Both methods apply equally well to alternating-current 
circuits. As an example, consider the circuit shown in 
Fig. 5, a two-mesh circuit with inductances (coils) as two 


Fig. 5—Mesh currents in a-c circuit, with zero coil coupling. 
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Fig. 6—Circuit of Fig. 5 with mutual coupling between coils. 


of the elements. These coils have no effect on each other 
since they are so coupled as to prevent the current flowing 
in one coil from having any effect on the other. In other 
words, the coefficient of coupling equals zero (k = 0), and 
the mutual inductance equals zero (M = ky\/L,L,). 
In order to find a value for the current in inductance 
L,, meshes may be selected as shown by the mesh currents 
in Fig. 5. The mesh equations are written as follows: 


Mesh 1: 


Mesh 2: 


Jolai + Ril — &) = Va 

Jolai, + Riz — th) = Vi 

These may be simplified and rewritten to give 
Mesh 1: (R, + joly)i; —_ Riis = - 
Mesh 2: —R,i; + (Ri + jola)ir = V, 

or 


Mesh 1: 
Mesh 2: 


(50 + j50)i — 50% = 100 + 7100 
—50i, + (50 + j100)i, = 100 


The current i, flowing through L,, according to Cramer’s 
Rule, is 


| (100 + j100) —50 


100 (50 + j100) 


| (50 + j50) —50 | 
—50 (50 + j100) 


(100 + j100)(50 + 7100) — (—50)(100) 
~ (50 + 75050 + 7100) — (—50)(—50) 


_ 15,000 790° 
9020 7 124.3° 

= 1.664 

= 137 — j0.93 amp 


/ = 343° amp 


Figure 6 is a duplicate of the circuit shown in Fig. 5 
with one important exception: the inductances, L, and L,, 
are mutually coupled. Therefore, the coefficient of coupling 
of the two coils is no longer zero, and the current in coil L, 
will induce a voltage in coil L, in accordance with the dot 
notation shown. In other words, if the current /, flows into 
coil L, at the point indicated by the dot, a voltage will be 
induced in coil L,, which will cause a current to flow into 
coil L, at its dot. The induced voltages and, hence, the 
currents, are related by the mutual inductance M, as 
shown in Fig. 6. In this case, the current in coil L, is 
again determined from both the mesh equations and ac- 
cording to Cramer’s Rule. First, the mesh equations are 
written: 


Mesh i: Joli; + JoMiie + RG aa le) = Ve 
Mesh 3: Rie + 7) + jwlrie + JoMrnis Vv, 
which is simplified (assuming that M,, 
Mesh 1: (Ri + jwla)i + (Ri + joM)d = 
Mesh Z: CR, + jw M)i; + (R, + jwl.)iz 
or 
Mesh I: 
Mesh 2: 


(50 + j50)i, + (50 + j25)i2 = 100 + 7100 
(50 + j25)i, + (50 + j100)i = 100 


The current i,, according to Cramer’s Rule, is 
(100 + j100) (50 + j25) 


100 (50 + j100) | 


(50 + 750) (50 + j25) 


| (50 + j25) 


(50 + j100) 


_ (100 + j100)(50 + j100) — (50 + j25)(100) 
~ 0 + j50)(50 + 7100) — G0 + 725)50 + j25) 


= 241 7-25" 


|i:] ~ 2.41 amp 


Ill. Matrices 


1. What Is A Matrix? 


Matrices, in general, were described in Part I. Several 
basic rules for matrix operation are presented in this 
section without formal proof, although their truth and 
application is amply demonstrated. The application of 
these rules to the solution of basic circuit problems will 
be discussed in the succeeding section. This demonstration 
might explain the reason why matrix algebra is not usually 
taught on the undergraduate level: it is thought that 
formulating loop or node equations by this method makes 
such equations strictly mathematical problems with the 
inherent danger of the students’ losing sight of the physical 
nature of the problem. However, this method is of great 
importance to the practicing engineer, because it offers 
a procedure for the solution of complicated circuits in- 
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volving mutually coupled meshes without the danger of a 
possible error in sign. 


2. Basic Definitions and Properties 


The method of solving a set of simultaneous equations 
in n unknowns by the use of determinants was discussed 
in Part II, and it was pointed out that the value of a 
determinant is a function of its coefficients. A matrix, in 
contrast to a determinant, has no value. As stated briefly 
in Part I, a matrix is a rectangular array of numbers 
symbolizing an event such as, for example, a linear trans- 
formation. Again, unlike a determinant, a matrix is not 
necessarily square (i.e., comprised of n rows and n col- 
umns), since it is merely the means of identifying a group- 

(Continued on page 142C) 
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Demonstration of Circuit Configuration by the Determinant Method 


Note the constant current sources and inserted mesh currents, 
ti, i2, ig and iq. 
= L, = 1 henry 


ly = 2 henrys 
l 
= kre = hea = Raa = va 


= 1 rad/sec 
e@ ProsLeM: Find V, and Vy. 
@ METHOD: 
Step 1—Calculate the mutual inductances: 


wale 1 . 
Ma = k. L,l, =—=—vV1(2) = 1 
b Vv t Va Vv 1(2) 


sos 1 ae 

Mie = kre V Ty Le. = ev (2) = 1 _ 1+/l0 - 9 ~- 3 — j18 +15 
2+ 723 —45 —1-—Jj10 + 25 
Rin @ hig SECTS wt TO 


v2 _4=~j8 | 
— 19 +13 
f 


Mas = kaa / Le La = FH /1(2) =1 

- 4 7—63.4° 

Step 2—Assume mesh currents as illustrated. The two un- 30 7 145.6° 
known currents are iz and i4. 2 


= © ee ° 
Step 3—Write the two mesh equations: 0.389 7 151" 


Mesh 1: is + jLeis + jMucis — is) — jMadis + id) + Mis — i) - 
‘eae. i+ Malt) 4 ila = | @+8 ata 
Mesh 2: jLe(is — i:) + jMrolis — is) + jMaclic + is) + jl . I a+8)_ -C+3)| 
a - &) + filth ~ 2) -— jMeh + Mh - 0 (—19 + j13) 
+ jLaig + 2) + JMealis — 1) — JMeais = 0 
Step 4—Substitute the values of Mu, and Ly: 
Mesh 1: i + jis + jlis — is) — jin + i) + (i — i) + 2) 
(is —&) +3 — 4) + Ji = 0 —6 —j21+15+1+ j6 —5 
Mesh 2: j(is — th) + j(ig — 3) + Cig + be) + 324 — ) +7  ———_— 
(ig — th) — jis + (ig — ts) + 72Ci +) + — 1) — Sts 
= 0 


—@ + J)G + 3)+C + )Q + J) 
(—19 + j13) 


ee 
Step 5—Simplify the equations: (—19 + j13) 
Mesh 1: ji; — ji2 + (2 + j5)is — (1 + J5)ia = 0 3.9/1.6 
Mesh 2: —3ji + 3ji2 -(1 + J5)is + (1 +79) = 0 = 530 7 145 6° 
In other words, 
Mesh 1: (2 + j5)is — (1 + j5)is = jin — ji 
Mesh 2: *- (1 + j5)is + (1 + J9)& = — Sf + By i, = —0.340 + j0.189 


= 0.687 / 142..8° 


Step 6—Solve for i; and i: & = —0.547 + j0.416 


Retell ‘ 

He-t) -—QA+J5) Step 7—The voltage at’node X will be voltage drop across L,: 
. 3 — &) (1 + j9) hae ane Sey» 
ni | @+5) -0+i) ee ea 

5 ; = ja~ ju TjJa~- ja ~ jan i 
—_ - 9 oe a * a 
(1 + j5) (1 + j9)| a i im lie dia AR 

= 1.0 —j + j(—0.340'+ 70.189) — 3j(—0.547 + 70.416) 
aq+j —( +45) = 0.05 + 0.3 
-6 +i) +H) 


= | (2+ 75) —(1+J5) e SOLUTION: 


= (2 + 76) (1 + J9) 





Vx = 0.05 + j0.3 
_ + )G +39) — G+ 45) + J3) and similarly, 


(2 + 5) + j9) — C1 + J5)C1 + 75) Vy = —0.05 + 0.7 
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Demonstration of Circuit Configuration by the Matrix Method 


Note the modifications of the circuit drawing for the pur- 


pose of calculating; branches are designated as shown. 


e@ ProsLeM: Find Vy and Vy. 
@ METHOD: 


Step 1—Assume the convention that currents flowing into a 
node are negative and that currents flowing out of a node are 


positive. Form the branch-node matrix, A. 


By inspection, write the impedance matrix Z,: 
l 2 3 


Jwle bi 0 
ba Jol, +1 bes 
0 bse joL. +1 
ba 0 bas 
where 
bie = by = joMy = joMn = jwM = jl 
bu = ba = Jl 
bes” = by = ji 
bu = bg = Jl 


Step 3—Substitute the values: 
J J o J 
Z=-| 54+) jj 0 
0 J aq+s) J 
J 0 ne 
¥Y,=Z" 


Step 4—Manipulate the determinant in accordance with Rules 
One to Seven for determinants (Part II, Section 2). Evaluate 


the determinant as follows: 


d 0 0 07 
Sm=-|i Qt) j i | 
j a+) i] 

-j j iJ 


qa +J) J —j ] 
J (1 + J) J 
-j ie te 
=f +/+ AD -) -— A +5 -—JF- A + 
Ci — G)*) 
= j[-24+j24+14+j+14+i+J) 


JCS) 
= -5 





Step 5—Find the elements of the new matrix (Y¥})<: 
yu = 14+ 52((. + /G2) + 1) — JLG2)] = —5 +32 
ye = —J(1 + s2) = —(-2 — j2) = 2+ 32 
ys = +)(-—2+j-—2) = -—1—-J4 
yu = —J/1 +520 +) = 3 +5 
—jQG2)0 + Jj) = 24+ 2 
+j(j +MN-P] = -1 
= — jj —1 =J2 
+ii-t -(-20 +P) = -1-2 
+j(-2+j-—2)=-1- 4 
-A-1-DH-Z 
+jij-1+1)=-1 
—~Kj-1-ND=1+ 7 
—jIA +j20 +) =3 +J 
thi +j-2).- -1 -—2 
-Aj-i-)=<-1+Z2 
= +jfj2+1) = -2+ J 


Form the new matrix: 


(-5 +j2) (2+ j2) (-1-/) G+) 
(2 + j2) = j2 (—1-—j2) 

(-i <%) Jj2 -1 (1 + j2) 
3+)) (-1-J2 (l+j2) (-2+)) 


Step 7—Determine the node-admittance matrix: 
Y.=A7Y,A 


1 |: 
-l1 -l 
(-—1 —j4) 3+ )) 
(=i = 


(1 + j2) 
(-2 + J) 


(-5+Jj2) @+J2) 
(2 + j2) -1 j2 
(—1 —j4) 
G+ j) (-1-J2) 


j2 a 
(1 + j2) 


: er (3+ 34) (-2-j6) (+5) | 
em % i) 0 0 —j5 
Yid= ATY,A 


ae Pe — js) @B+J4) (-2 — j6) G 7 
ee 58 —j 
1 0 
l 


1 
0 -l 
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and finally, 


Step 8—Form the node matrix ¥z, 


(13 + f14) 
Yz! = 5 


=—J —j J 


= (14 — j13) 


5 +1=A 


The determinant of Y 


= (19 — J13) 
5 


Ayu = —J Aya = +j 
Ayr = Aye = Os + jl 4) 


Therefore, 


5 ~y 
alee eee 


uL 


Y-! 


Step 9—According to Eqs (51) and (52), 
Res = Yo Vue 
Veo = = | 


Therefore, 


19 — j13 


V; e Ay +] 


{ Vy 13 + j14 


+i 5 
1+J 


13 + j14 


—1+ 5 


e@ SOLUTION: 


J 0 - 
Vx i9 —ji3 ‘—! + J) 


3 + j16 


53 


v.05 + j0.30 


5 13 + jl4 
wigs (-+ c ‘) 
8 + j14 


19 — j13 


—0.05 + j0.7 
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ing of any kind. Consider, for example, the following 
system of linear equations: 


Ti + 3i2 + Sis = e 
64 + 4% + 2is = e2 


25) 


Although there is no unique solution for the system of 
Eqs (25), the following two rectangular arrays of numbets 
may be identified with it: 


(26.1) 


| 
(26.2) 
— 


J 


Instead of writing the entire system of Eqs (25), the forms 
demonstrated as Matrices (26.1) and (26.2) may be used 
as a short-hand notation, which makes it obvious that any 
interchange of a row or column would destroy the entire 
meaning of the symbolism. 

Matrices are identified by the number of rows and 
columns. Thus, Matrix (26.1) is a (2 by 3), or (2 x 3), 
matrix, and Matrix (26.2) is a (2 by 1), or (2 x 1), 
matrix. Matrix (26.2), consisting of a single column, is 
also called a column matrix; a matrix consisting of a single 
row is called a row matrix. The most effective application 
of the matrix notation is its use as a short-hand notation 
to relate conveniently a system of equations. The full 
advantage of using this method is realized as the number 
of equations in a system increases. 

Consider, for example, the system of Eqs (25) being 
rewritten in matrix notation as follows: 


By matrix multiplication the system of Eqs (25) can be 
calculated from Eq (27). A detailed discussion of the 
rules to solve problems by the application of matrices 
follows. 

2.1 Rule One: Consider two matrices, A and B, whose 
elements, or coefficients, are (a;.) and (b;;), respectively. 
Matrix A equals matrix B when element (a;,,) equals ele- 
ment (5;,). EXAMPLE: 


(aun) = 1 (an) = 4 
(ay) = 2 (ax) = 5 
(a3) = 3 (ay) = 6 


If matrix B is equal to matrix A, each element of matrix 
B must equal each element of matrix A. In other words, 


4 


3 
6 


4 


2.2 Rule Two: The sum (or difference) of two (r x s) 
matrices, A == (a@;,) and B = (b,), is defined, of course, 
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by adding (or subtracting) similarly placed elements, thus 
forming a new matrix C = (c,,). Since only matrices 
containing equal numbers of rows and columns may be 
added, such equality may be achieved by adding rows or 
columns of zeros as required. EXAMPLE 1: Consider the 
addition of the matrix 


and the matrix 


to form the matrix C. According to Rule Two, we fiind that 
C=A+B 
-B+A 
(0) + (2) | 
(2) + (0) | 
a 


(-1) + () 
(5) + (4) 


(2) + (-)) 
(3) + @) 


EXAMPLE 
the matrix 


Consider the following subtraction. From 


the matrix 


a ae: 
B- I, 9 J 


is subtracted to form the matrix C. According to Rule Two, 
we find that 


C=A-B 


(3) — (7) 
(0) — (10) | 


(0) — (6) 
(0) — (9) 


{() — G) 
(0) — (8) 


2.3 Rule Three: The transpose of a matrix A is a matrix 
B whose rows and columns are interchanged with those of 
the original matrix A. In other words, (a;,) == (b,,). The 
transpose is designated by the supercript T. EXAMPLE: 
Consider the matrix 


whose transpose 


By the same process, it can be observed that 
B’=A 


2.4 Rule Four: Multiplication of a matrix A by a factor ¢ 
is equivalent to multiplying each element of the matrix A 
by c; in other words, c-A = c(a;,). EXAMPLE: Consider 
the matrix 


| 
Ll J 
being multiplied by the factor c = 2. According to Rule 
Four, the product of this multiplication is: 


4 


(Note that this rule differs from Rule Three in Part II, 
Section 2.3, discussing the multiplication of a determinant 
by a constant factor being equivalent to multiplying any 
one row or column by this constant factor.) 


2.5 Rule Five: The condition for the multiplication of 
two matrices, A and B, to form a new matrix C is the 
equality of the number of columns in matrix A to the num- 
ber of rows of matrix B. The matrix C produced under 
these conditions is of the order (r x s), where r is deter- 
mined by the number of rows in matrix A and s is deter- 
mined by the number of columns in matrix B. EXAMPLE 
1: Consider the (2 x 3) matrix 


4 


which meet the condition for multiplication since the num- 
ber of columns in matrix A is equal to the number of rows 
in matrix B. Hence, 


| Csi Cse 


which is a (2 x 3) matrix, since r = 2 and s = 3. ExaM- 
PLE 2: Consider the column matrix 
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which is a (5 x 1) matrix, and row matrix 


re [ora] 


which is a (1 x 3) matrix. Matrices A and B meet the 
conditions for multiplication. Hence, 


which is a (5 x 3) matrix, since r= 5 and s = 3. EXAMPLE 
3: Consider the (2 x 3) matrix 


and the (4 x 2) matrix 


which do not meet the conditions for multiplication, be- 
cause the number of columns in matrix A does not equal 
the number of rows in matrix B. Therefore, matrices A 
and B cannot be multiplied; in other words, A‘B  C, and 
the symbol A-B is, in this case, meaningless. 


J 


2.6 Rule Six: The determination of the elements (cj) 
in the matrix equation A-B = C is governed by the fol- 
lowing rule. The elements (c;,) are obtained by multiplying 
the elements of the i* row of the matrix A by the cor- 
responding elements of the k™ column of the matrix B, and 
adding the resulting products. EXAMPLE 1: Consider the 
(3 x 3) matrix 


(3x 3) 
A 


= 


i. 


and the (3 x 2) matrix 


(3 x 2) 
B => 
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According to Rule Five, the multiplication of a (3 x 3) 
matrix by a (3 x 2) matrix results in a (3 x 2) matrix. 


Therefore, 


eu = (11) + 22-1) + (DQ) = 6 
iz = (1)(0) + (25) + (12) =12 
en = (0)C1) + (3-1) + (4) =1 
C22 = (0)(0) + (35) + (4)(2) = 23 
eu = (—1)(1) + 2-1) + (—3)0) = -6 
Cx = (—1)(0) + (2)65) + (-3)Q2) = 4 


Therefore, matrix 


a 


and the row matrix 
B=[246 8] 
The product of matrices A and B, matrix C = A°B, is a 
(3 x 4) matrix. Therefore, 
Cn = 1(2) = 2 Cn 
C2 = 1(4) = 4 . Ca2 
O°; = 1(6) = 6 Ce Ca3 
C4 = 1(8) = 8 2 « - , Cx 


—2(2) = —4 
—2(4) = -8 
—2(6) = —12 
—2(8) = —16 


Therefore, matrix 


2.7 Rule Seven: The multiplications of matrices are not 
compatible with the commutative laws in forming alge- 
braic products. Thus, 


A-B+B-A (28) 


Note: This rule must be carefully adhered to; matrix 
equations must therefore be multiplied on the left or on the 
right consistently. EXAMPLE 1: Consider the problem of 
multiplying the equation 


A+B=C 
by matrix D. Multiplication on the left gives 
D-A+D-B=D-C 
and multiplication on the right 
AD+B-D=CO-D 


The products of these multiplications are, with rare excep- 
tions (see Rule Eight), different. This fact can be verified 
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by computing a simple problem. [It is interesting to note 
that it was not possible to multiply matrices A and B to 
form matrix C in Example 3 of Section 2.5 because the 
conditions for multiplication (according to Rule Five) were 
not met. However, the product B-A does exist in the form 
of the (4 x 3) matrix C.] 


2.8 Rule Eight: The identity matrix, I, is a square matrix 
whose principal-diagonal elements equal unity, and whose 
other elements equal zero. Any matrix A multiplied by the 
identity matrix I on the left (or on the right) results in the 
original matrix A. EXAMPLE 1: Consider the multiplication 
of matrix A by the identity matrix I (on the right), namely 


AI=A 


EXAMPLE 2: Consider the multiplication of the identity 
matrix I by matrix A (on the left), namely 


rA=A 


2.9 Rule Nine: The inverse of a matrix is identified by 
a superscript, —1; its multiplication with the original 
matrix produces the identity matrix I. In other words, 


A-A'=I] (31) 


A'-A=T1 (32) 


When the matrix A == (a;,) is known, the inverse, 
A-' = (a), may be computed by: finding the element 
(a,,); multiplying the minor, M,,, by the appropriate co- 
factor, (—1)‘**; and dividing the product by the deter- 
minant of matrix A. In other words, 


as <a es 
— (33) 


a = 


EXAMPLE 1: Consider the matrix 


and let the value of the determinant of matrix A be desig- 
nated A,. Then, as indicated before, the determinant 


Aa =1(3)(0) +2(4)(2) +0( — ICL) — 2(3)(0) — 1(4)(1) — 0( — 1)(2) 


=12 


Therefore, according to Eq (33), 


Baan = (-—1)! +1 My 3(0) -~ 4(1) 
Aasays = (—1)' +? My — [2(0) — 1(0)) 
Aaa; = (—1)' +3 My 2(4) — 3(0) 
Maran = (—1)?*+! My = — [—1(0) — 4(2)] 
Aa-an = (—1)?*? M2 1(0) — 2(0) 
Aa-aa = (—1)?*+3 My = — [4(1) + 1(0)] 


Data = (—1)8*! My = 
Masa, = (—1)8*? Ma 
Aa‘ass = (—1)° +? Ma, 


—1(1) — 3(2) 
— (10) — 2(2)) 
= 31) — (-D@) 


Therefore, 


—4 
8 
-7 3 


It can be shown that only a square matrix may have an in- 
verse matrix. Although rectangular matrices can be made 
into square matrices by the addition of rows or columns of 
zeros, this practice would clearly cause the determinant to 
vanish, so that the inverse A-? would be infinite. Square 
matrices with a determinant whose value is zero do not 
have an inverse. 

Another matrix sometimes identified with the inverse 
operation is called the adjoint; it is equal to A-' multiplied 
by the determinant of matrix A and is abbreviated as 
(A-)a. EXAMPLE 2: Consider the adjoint 


(Aa = 4-A™ 


According to EXAMPLE 1, 


—4 0 8 | 


8 0 -—4 
—7 3 5 


2.10 Rule Ten: The matrices A = (a;,) and B = (b;,), 
which multiplied together form matrix C = (c;,), may be 
partitioned into convenient submatrices. Matrix A or mat- 
rix B must, of course, be properly subdivided to conform 
with the laws of matrix multiplication. In other words, the 
divisions of the columns of matrix A into subgroups must 
equal the division of rows in matrix B. The rows of matrix 
A or the columns of matrix B may, on the other hand, be 
subdivided quite arbitrarily. EXAMPLE: Consider the (4 x 
5) matrix 


ns et 


and the (5 x 2) matrix 


Assuming that 
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#12 


Px P22 


when elements ®;, and @;, are themselves matrices. 


3. Network Matrix Equations 


3.1 The Branch-Mesh Matrix. The branch-mesh (or B) 
matrix is used to relate the incidence of branch currents to 
mesh currents. The elements of the branch-mesh matrix 
may be -++-1, —1, or 0, depending on the direction of the 
branch and mesh currents; i.e., these currents may flow in 
the same direction, the opposite direction, or they may 
never coincide. Consider the following step-by-step example 
as an illustration how this matrix is formed; it represents 
the simple circuit shown in Fig. 7. 


Step 1—In accordance with Kirchhoff’s Laws, determine the 
significant number of mesh currents necessary to solve the 
problem (in this case there are three; namely, i,, i, and i,), 
and choose directions arbitrarily, as indicated. 


Step 2—Arbitrarily choose the directions of the five branch 
currents, namely, /, to /,. 


Step 3—Form the branch-mesh matrix B which will be a 
{5 (branch) x 3 (mesh)] matrix as follows: 


mesh 
l 9 


- 


| 
branch 


| 1 0 
2 
3 
4 


5 


The element (b2;), for example, is the incidence of branch 
current Jz on mesh current i;. As they are in the opposite 
direction, the element (b,,) = —1. The element (b,,) is 
the incidence of branch current /; on mesh current ie. As 
mesh current ig is never incident on branch current J,, the 
element (b,,) = 0. We may, therefore, form the following 
equation in matrix notation: 
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which may be solved, in accordance with Rule Six, as follows: 
i 

i a 4 

ly 

ly — is 

=f 


wound 


3.2 The Branch-Impedance Matrix. Similarly, the branch- 
voltage matrix V, may be related to the branch-current 
matrix I, by a branch-impedance matrix, Z,. Matrix Z, 
is a square matrix whose principal-diagonal elements con- 
tain the respective branch impedances; the off-diagonal 
elements, if there is no mutual coupling, contain zeros. 


Vo = [Z] - (I) 


For the previous example, Fig. 7, the branch impedance 
matrix is 


Branch 


(Z5 + Zs) 


0 
0 
0 


0 
(Zs + Ze) 


Fig. 7—Circuit for simple matrix analysis. 





The matrix B may also be used to relate the branch- 
voltage matrix to the mesh-generation matrix, as follows: 


Vinesh generation = Viv 
= B’V, (38) 


The meaning of this relationship is perhaps clearer if 
the matrix operation is carried out for the above example. 


‘7 


Therefore, 


Since V, ZI, 


(4) 0 
0 (2) 


0 0 


} 
; 


0 


0 


I, Z, 
fo Ze 
i& 
I, Ze 


1Zs + Ze) 


J 


Since Vy 
ages, 


B’V,, = all source or mesh-generating volt- 


: 
| a 


I; Z; 
1, Zs 
(Zs + Ze) 


from which the mesh equations are finally obtained, as 
follows: 
= 1,2, — 1:2; (42) 
aad I,Z¢ + 1,2; + 1,Z, 
1.Z.- IZ; + Ze) 





€ ] bs ns 


\"5 
~* 4 


Circuit for demonstrating branch-node matrix analysis. 


The right-hand side of the system of Eqs (42) may be 
recognized as the branch-voltage drops and the left-hand 
side as the mesh-voltage generation. An expression for the 
mesh impedance Z, may be found from the following re- 
lationships: since V, — Z, + I,, we may substitute 
I, = Bi, and find that V, — Z, + Bi,,. Multiplying both 
sides by B” shows that B’V, — B’Z, + Biy,. As we already 
know, Vy = B’V,. Therefore, we find that 


Vu Zvi (43) 


where Zy B’Z,B. 

Equation (43) relates the mesh-voltage generation to the 
mesh current. Since the mesh currents are commonly un- 
known while the impedance and the mesh-voltage genera- 
tion is known, it is useful to restate Eq (43) as follows: 


Vu = Zu - in 
Zu 'Vu = Zu + Zu - in 
= iy (44) 
i = Zu - Vu 


Most problems resolve themselves into determining Zy 
or Zy, a process which, it should be noted, is purely 
mechanical. 


3.3 The Branch-Node Matrix. Similarly, Kirchhoff’s Cur- 
rent Laws may be stated in matrix form. Figure 8 shows 
two nodes, X and Y, separated by an admittance Y,. If a 
point G is picked for circuit reference, it is clear that 
Vig — Vyq = V,. It is desirable here to define a new 
array, again consisting of +1, —1, or zero. This matrix 
is sometimes referred to as the A matrix or the branch- 
node matrix. The conventions leading to its formulation 
are readily seen by referring to Fig. 9. 

Step 1—Select arbitrarily the directions of the branch cur- 
rents, J, to J,, as indicated. 


Step 2—To form the elements of (ai), arbitrarily designate 
branch currents flowing away from the the node as +1, branch 
currents flowing toward the node as —1, and branch currents 
not immediately incident on the node as 0. Thus 
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Branch | \ 


3.4 The Branch-Admittance Matrix. The branch voltage 
is related to the node voltage; namely, 


Vo = A-Vacde (46) 


and just as the branch-impedance matrix Z, was defined 
earlier, the hranch-admittance matrix Y), is defined as fol- 
lows: 


I Y,-V, (47) 
The relationship between Y, and Z, can be established by 
multiplying each side of Eq (47), on the left, by Y,~', as 
follows: 


a8 Vs'- FV, 
V 


Therefore 


Y Z (49) 
It can be shown that the node-current generation I,,, can 
be related to the branch-current generation as follows: 

A'l I (350) 


3.5 The Node-Admittance Matrix. The node-admittance 
matrix Y,. easily follows: 


A’I, = In 
ATYV, = Ino 
A’Y,AV, I, 


I, TY, AI 


A 
YuoV; 


where Y, ATY,A. 

Once again, the problem is usually stated in the reverse 
manner. Given the branch currents and the branch admit- 
tance, the node voltage is sought. This may be achieved 
by multiplying both sides by Y,': 


ch. = Tc 
= (52) 


Che principles of nodal analysis are readily seen by refer- 
ring to Fig. 9. Since there is no mutual coupling between 
branches, all non-principal diagonal elements of the branch- 
admittance matrix are zero. Hence, 
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The following matrix operation is performed in order to 
find Y,,, = A" + Y, ° A. As we have noted, 


It is interesting to note that, in the absence of mutual 
coupling, the Y,,, matrix can be found by inspection. For 
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example, note that the elements (y,,) equal the sum of all 
the admittances on node i, and that the elements (y,,) equal 
minus the sum of all admittances between nodes i and k. 
Using the node matrix relationship introduced above, the 
currents I,,, may be found as follows: 


Ino = Yoo Vno 


st 


Final multiplication yields the familiar nodal equations 
(Kirchhoff’s Second Law): 


Th = Vo (Mit V2) + Vio €— ¥2) 

0 \, (- Y2) + V noe A ¥24 Y3+ Y,) + V no ( — Y,) (56) 

I, = + Vuo 2 — Ys) + Vao a Ys+ Ys) 

When branches are mutually coupled, it may be desirable 
to partition the resulting matrices Z, or Y,, by the applica- 
tion of Rule Ten. The branch-admittance matrix Y, or the 
partitioned portion of matrix Y, that reflects the presence 
of mutual coupling may be determined by forming matrix 
Z, (by inspection), and finding Z,~' as indicated in Eq (49). 
As an example, inspect the circuit shown in Fig. 10. Branch 
1 is mutually coupled with branch 3. By choosing the 
branch currents into the dot, the off-diagonal elements of 
Z, will always be positive and therefore, 








Fig. 10—Circuit with mutually coupled branches. 
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-Ct->; 


6 


Z, direct 


Z, transfer 


The B matrix must also be partitioned in a manner which 
assures that c = r 


B transfer 


Then it can be shown that 


Zy B’Z,-B 
B,?-Z,nBp 4 


Yu A’-Y,-A 


= Ap’-Y¥,pAp + Ar’-Yor Ar - (59.2) 


where the subscripts D and T refer to direct and transfer, 
respectively. 

The most important use of partitioning is found when 
dealing with complicated problems. Partitioning serves to 
organize the procedure for solution, although it does not 
save any necessary steps. O00 
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Magnetic-Amplifier Conference 
Stresses Applications 


Special AIEE/IRE Technical Conference 
on Non-Linear Magnetics and Magnetic 
Amplifiers dealt with combinations of 
saturable devices and semiconductors in 
new applications, particularly those uti- 
lizing the new silicon-controlled rectifier. 
In theoretical areas. emphasis was placed 


on principles of magnetic core behavior. 


An 
Electrical 
Manufacturing 


THE COMMITTEE ON Magnetic Amplifiers of the AIEE 
was formed approximately 10 years ago to deal with the 
fundamental problems of magnetic amplifiers and their 
applications that existed at that time. In the intervening 
years, the committee has changed the scope of its activi- 
ties many times to reflect the changes and growth that 
have occurred in the technology of magnetic amplifiers 
specifically and non-linear magnetics in general. 

The diversity of this field was brought out by the 
wide range of subjects covered in papers presented at 
the fourth Special Technical Conference on Non-Linear 
Magnetics and Magnetic Amplifiers sponsored by the 
AIEE Committee and the IRE Professional Group on 
Industrial Electronics, held in Washington, D. C., 
September 23 to 25. An example of this diversity was 
seen in one entire session of the Conference devoted to 
saturating devices and semiconductors. 


e C. E. Hardies and R. L. Van Allen of Magnetics, 
Inc., presented a paper at this session on “Self-Regula- 
tion in Magnetic-Transistor Amplifiers.” In it, they 
described a previously little-used characteristic of cir- 
cuits which combine magnetic amplifiers and transistors. 
By utilization of the circuit shown in Fig. 1 an amplifier 
can be designed that has a self-regulated output for 
variations in supply excitation. The circuit contains a 
basic center-tapped magnetic amplifier and a transistor, 
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Vg, 120 volts,60 cps 
NV, : Ne:W3 = 120:6:30 
L), £2, 5004-2A 

Noi, Nge = '200 turns 
Ney,Neg * '000 turns 


QO, ,type 2N241A transistor 
Ry = 2000 oh...5 


Re = 150 ohms 


Fig. 1 — Self-regulating d-c amplifier combining magnetic am 
plifier transistor. 


together with their associated power and bias supplies. 

“The polarity of the transistor bias, acting through 
R,, is negative to the base of the transistor and sufficient 
in magnitude to hold the transistor in its ON or short- 
circuit condition under the most adverse conditions of 
load, excitation and temperature. The polarity of the 
magnetic amplifier is such that its output is positive with 
respect to the base of the transistor. Thus, output is 
delivered by way of the switched transistor during the 
time intervals before the magnetic amplifier fires (pre- 
firing), and no output is delivered during the time in- 
tervals when either core is saturated (post-firing). The 
transistor is held OFF or open-circuited during post-firing 
intervals because of the positive voltage established at 
the base by the magnetic amplifier. The bias current 


149 








E supply, 
a-c volts 


Controlled 
rectifier 


Oo Sam " inastinttilhaaanenn eeetnennl 


Fig. 2—Timing circuit using a saturable 
reactor and a silicon controlled rectifier. 


which passed through the base during the pre-firing in- 
tervals is shunted through the saturated core of the mag- 
netic amplifier during post-firing intervals.” 

Circuitry of this type also provides high gain, fre- 
quency and temperature stability, and excellent load 
characteristics. 


e@ A second paper describing the combination of a 
saturating device with a semiconductor was “A Timing 
Circuit Using a Saturable Reactor and a Controlled 
Rectifier,” by J. S. Sicko, General Electric Co. In it, Mr. 
Sicko described the circuit shown in Fig. 2. The saturable 
reactor consists of two windings on a magnetic core. 
Winding JN, is excited with a direct voltage, F,,,., and 
is in series with the gate of the controlled rectifier. When 
the reactor is driven into positive saturation, the gate of 
the controlled rectifier is positive enough to cause the 
unit to conduct, provided the anode voltage is going 
positive with respect to the cathode. If the output pulse 
is to be repetitive, the flux in the reactor must be 
changed in the negative direction. This is accomplished 
by placing the N. winding of the reactor in series with 
the anode of the controlled rectifier. 

After the controlled rectifier has been turned on, a 
portion of the supply voltage across NV, is used to change 
the flux in the reactor in the desired negative direction. 
Since the controlled rectifier ceases to conduct when its 
anode goes negative, the triggering operation of the circuit 
can then be repeated. The repetition rate of the output cur- 
rent will be 1/n of the supply frequency, the value of n 
(an integer) being easily adjusted by varying Epjas- 


@ In a session on Computer Magnetics, K. D. Broad- 
bent, Hughes Research Laboratories, described a new 
approach to vacuum-evaporated, random-access memory 


Fig. 3—Schematic of a vacuum-depos- 
ited, ferromagnetic memory element. 


Address 
Sonductors 
Y x— 


Magnetic material 
“ 


Dielectric 


Substrate 


elements. Through the use of a complex, multiple-plane, 
evaporated magnetic structure in conjunction with multi- 
ple evaporations of insulating and conducting materials, 
many of the disadvantages of vacuum-evaporated ferro- 
magnetic films as computer elements can be avoided. 
These disadvantages include lack of reproducibility and 
uniformity of characteristics and difficulty experienced 
in sorting or selecting individual elements from within a 
complex deposited composite. 

A distorted schematic section of an evaporated memory 
cell is shown in Fig. 3. For clarity the height-to-width 


Control ckt 


A-C supply voltage 
resistor 


To scope 
trigger 


| 
Step chonge in 
control voltage 


To scope Z -oxis “ | 


Fig. 4—Circuit for measuring magnetic-ampli- 
fier response time with a firing-angle indicator. 
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AC supply 
voltage 


comro! 


voltage 


To scope 
Y-axis 





eed 


Fig. 5—Use of a saturable core 
to measure response time. 


Fig. 6— Measuring response time by com- 


Adjustable 
control 
voltage for “ 
refererence 


Detection 
res. 


To scope 


parison with an established reference amplifier. Y-axis 


ratio has been increased several hundred times, and all 
radii of curvature have been severely reduced and dis- 
torted. The complete cell requires 19 superimposed 
vacuum depositions involving insulating, conducting and 
ferromagnetic materials. The demonstrated advantages 
of this construction for a memory element include: mag- 
netic turnover times less than 80 millimicrosec; wide lati- 
tude in selection currents, with greater than six-fold 
variations giving no appreciable change in the signal-to- 
noise ratio of the cell’s output; extremely small (typical) 
volume of 0.025 x 0.100 x 0.0007 in. per complete cell; 
and automatic production and assembly based on vapor- 
phase handling techniques. 


e@ Considerable discussion was provoked at a session 
on magnetic-amplifier theory by the presentation of a 
paper on “A Mathematical Model for a Magnetic Ampli- 
fier Reactor Core,” by H. H. Woodson of the Massachu- 
setts Institute of Technology. “The starting point for the 
derivation of the mathematical model is the domain 
theory of ferromagnetism* and the object is equations 
which are simple enough to have engineering applica- 
bility. In essence, the approach is as follows: (1) flux 
reversal is assumed to occur by the growth of a large 
number of domains; (2) the walls of each domain are 
assumed to move against linear damping forces; (3) the 
domains are assumed to be uniformly distributed through 
the material; (4) all domains are assumed identical 
except for their starting fields; (5) the starting 
fields are assumed to have some distribution function.” 

There are, of course, many speculative assumptions 
involved in the derivation of the mathematical model, and 
this is the reason for the lack of any really widespread 


’ 


*See “Fundamentals of Ferromagnetism,” p 124 ff, Exvecrrican MAaNnuracruninc, 


March 1959, 
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acceptance. However, the model has been found useful in 
improving the quality of a magnetic-amplifier design 
procedure by eliminating the cut-and-try process which 
requires the construction of several breadboard models 
before a final design can be achieved. 


@ Three methods of measuring time of response of a 
magnetic amplifier to a step-function input were presented 
by R. L. Van Allen and R. W. Covert, Magnetics, Inc., 
and T. G. Wilson of Duke University. The first of 
the methods entails the use of a “firing-angle indicator” 
(Fig. 4) in which the indicating device is a small pulse 
transformer. “The technique is similar to that employed 
when using a cyclic integrator. Instead of actually in- 
tegrating the output over each half cycle, however, a 
simple phase-shift circuit is used to produce an output 
which is equivalent to that which would be obtained from 
a magnetic amplifier having certain ideal characteristics. 
The time from initiation of the step-function transient 
until the output reaches a fixed per cent of its excursion 
is recorded and is the response time of the amplifier.” 

The second method, known as “core integration” (Fig. 
5), uses a toroidal core with a square hysteresis loop. 
The number of turns on the core, which is excited by the 
magnetic amplifier, establishes a fixed volt-second refer- 
ence. Saturation of the core indicates the point where 
the excitation exceeds the reference and the time from 
the initiation of the transient input to the moment of 
saturation is the desired result. 

In the third, or “comparison,” method, an auxiliary 
magnetic amplifier is used to establish a reference at some 
known output (Fig. 6). An indication is obtained of the 
time between the delivery of the specified output by the 
auxiliary amplifier and the same output by the unit under 
test. O0O°0 
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Effects of Temperature 
On A-C Magnetic Properties 
Of Nickel-lron Alloys 


Six alloys are reported for the temperature range —60 to +250 C. 
Curves are presented showing the variation with temperature of total core 


loss and rms exciting volt-amperes for 60, 400 and 1000 cps. 


Composition, eo mesele 


Trade name Raa Supplier 


Hipernik V* 5 . Westinghouse Electric Corp. 
Hipernik 5 iS Westinghouse Electric Corp. 
Deltamax = is Arnold Engineering Co. 


4 79 Mo-Permalloy : Arnold Engineering Co. 
Supermalloy i Arnold Engineering Co. 
Hymu 80 v Carpenter Steel Co. 


obtain “square loop’’ characteristics. 


J. J. CLARK and J. F. FRITZ weight as temperature varies. Test samples used were the 

Materials Engineering Department same as those used in the study of variations of d-c 
W ESTINGHOUSE ELectrric CORPORATION ° ° e 

East Pitsburg, Pennsylvania properties with temperature that appeared in the first 

article’ of this series. 

‘Tests were made with a Hay bridge, modified to make 

it suitable for magnetic measurements. The Hay bridge 

Tus stuDY* is the second part of a two-part study initi- is an a-c inductance bridge in which the inductive re- 

ated to provide design data for developmental magnetic actance and resistance of the sample in one arm of the 

devices and temperature compensation parameters for bridge are balanced by a series resistance and capacitance 

existing applications. in the opposite arm. In the modified bridge, the d-c re- 

Results of this investigation are reported in the form of sistance of the test-winding in one arm of the bridge is 

curves for 60,400 and 1000 cps describing the variation compensated by insertion of the proper value of resistance 


of core loss and rms exciting volt-amperes per unit of A ee a ae 
J ¥, va tz and e J. Clark, was published im Extectrrica. Manuracturinc for 
* Sponsored by Wright Air Development Center under Contract AF 33(616) -309. 
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across the opposite arm. This makes the equations for the 
balance of the bridge independent of frequency. 

The discussion will be limited to comments on the 
analysis of the data and the properties measured, with 
brief comments on the behavior of each alloy. 

Properties presented in the curves are the total core 
loss per unit of weight and the rms exciting volt-amperes 
per unit of weight. The total core loss is a measure of 
the losses in the system due to the ferromagnetic material, 
including the hysteresis loss, eddy-current loss, and the 
so called “anomalous” losses. The total core loss is ex- 
pressed in units of watts per pound. The rms exciting volt- 


amperes is the product of the rms exciting current and 
voltage. It is used in magnetic circuit design to find the 
exciting current for a given induction, frequency and 
voltage; the units are rms volt-amperes per pound. 

These properties were measured at various inductions 
in the ranges characteristic of each material: 0-7 kilo- 
gauss for the alloys Supermalloy, Mo-Permalloy, and 
Hymu 80; 0-15 kilogauss for the alloys Hipernik, Hiper- 
nik V, and Deltamax. In many cases no information is 
shown for the higher inductions at higher temperatures 
because, as temperature increases, the maximum induc- 
tion which can be attained decreases. 


"50-50" Nickel-Iron Alloys 


Hipernik, Hipernik V and Deltamax (Figs. 1-18). 
The temperature variation of the a-c magnetic proper- 
ties of the three 50 per cent nickel-iron alloys investi- 
gated is very similar. Therefore, the following discussion 
applies to all of them, with differences only in the mag- 
nitude of the quantities discussed. Within the temperature 
range studied, the total core loss for all of these alloys 
decreases linearly as temperature increases for all induc- 
tions up to 15 kilogauss. Figures 1 and 9 show that the 
core loss at 15 kilogauss increases as temperature in- 
creases. 

Figure 4 is typical for all three of the nominal 50 per 
cent nickel alloys. The following discussion refers to this 


figure. For the low temperatures of the range studied, 
the rms volt-amperes per pound decrease as temperature 
increases. This is true for all inductions (except 15 kilo- 
gauss) and all frequencies tested. There is a temperature, 
however, at which a minimum value of rms volt-amperes 
per pound occurs. This temperature is dependent upon 
the induction, frequency and alloy being discussed. Be- 
yond this temperature, the rms volt-amperes per pound 
increases as temperature increases, except for Hipernik 
V and Hipernik. The rms volt-amperes of these two alloys, 
measured at 3 kilogauss, does not show this minimum 
but continues decreasing as temperature increases. 


"80-20" Nickel-Iron Alloys 


4-79 Mo-Permalloy (Figs. 19-24). The variation 
of the core loss of 4-79 Mo-Permalloy with temperature 
is dependent upon the test temperature and induction 
under discussion. For the low temperatures, —60 to about 
Q deg C, the core loss increases as temperature in- 
creases for all inductions. At the higher temperatures, 
the core loss decreases as temperature increases. This 
results in a maximum core loss occurring at about 0 C. 

The rms volt-amperes per pound of 4-79 Mo-Permalloy 
decreases as temperature increases for the low inductions 
60 to +50 C. The opposite is 
true at the higher temperature. Similar to the 50 per 
cent nickel-iron alloys, the exact manner of variation 


and low temperatures, 


is a function of the induction in the core. 


Supermalloy (Figs. 25-30). The core loss of Super- 
malloy shows a region of rapid decrease from —60 to 
about +50 C. The core loss continues to decrease as 
temperature increases, but at a lesser rate until around 
200 C, where it apparently begins to decrease more 
rapidly. This manner of variation is true for all induc- 
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tions and all frequencies tested. 

The rms volt-amperes per pound of Supermalloy also 
decreases rapidly from —60 to 0 C. This is true for all 
inductions tested. Above 0 C the manner of variation de- 
pends upon the induction: for 1 and 3 kilogauss, the rms 
volt-amperes per pound decreases as temperature in- 
creases; for the inductions 5, 6 and 7 kilogauss this 
property increases as temperature increases. 


Hymu 80 (Figs. 31-36). In general, the core loss 
of Hymu 80 decreases as temperature increases. The ex- 
ceptions are at the highest and lowest inductions tested 
(7 and 1 kilogauss). 

As temperature increases, the exciting rms volt-amperes 
per pound decreases for all inductions except 7 kilogauss. 
As the higher temperatures are approached, the exciting 
rms volt-amperes per pound begins increasing for induc- 
tions of 5 and 6 kilogauss. However, this continues to 
decrease for inductions of 1 kilogauss and 3 kilogauss. 
This manner of variation is true for all three of the 
frequencies tested. 


Core-loss and rms excitation data —? 
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The Case for Pump Servos in 
Machine Drive and Control Systems 


For applications over 10 hp, the servo-valve-controlled, variable-displacement hydraulic pump 


has greater potential for automatic control applications than has been generally recognized. 


That is the conclusion of Minneapolis-Honeywell engineers based on their design experience 


with the controls and drives for a large spin-forge machine. Two “firsts” help establish their 


case: 


> A 200-hp spindle drive using a variable-displacement pump to power two 
variable-volume hydraulic motors driving the spindle with constant torque 
from 0 to 100 rpm and constant horsepower from 100 to 400 rpm. 


Two 360-deg, 2-axis tracer controls each using two variable-displacement 
pumps to power hydraulic cylinders delivering 225,000 lb peak force in 
either direction of carriage and cross-slide travel. 


WILLIAM ARROTT, Associate Editor 


ONE OF THE TOUGHEST DECISIONS to make in designing a 
machine control system is: What kind of drive to use? 

This problem was faced by the Hufford Corporation* 
of Los Angeles when they were awarded a contract to 
build the world’s largest roll-forming machine. They in 
turn shared their problem with the Machine Control 
Products Dept. of the Minneapolis-Honeywell Regulator 
Co. The machine proper, first of what is now a new line, 
is highly interesting in its own right and a pace-setter 
in the metal-forming field. (For example, the 1-in. thick 
truncated cone in Fig. 4 was formed in a single pass 
from a l-in. thick 321 stainless-steel blank; maximum 
variation in wall thickness was 0.002 in. Figures 1 to 4 
give a rough idea of the machine’s capabilities, and the 
job the controls and drives are called on to perform.) 

The drives that were designed to meet this challenge 
may also be pace-setters—not only in this application, 
but among machinery drives generally. This can be dem- 
onstrated by examining the specific problems involved, the 
solutions that were proposed and adopted and, finally, 
the system design considerations that established the 


* A division of the Siegler Corporation. 
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essence of the Minneapolis-Honeywell approach—namely 


that: 


While the electrohydraulic servo valve (with its unique 
ability to control large amounts of power with high 
accuracy and fast response to small electrical signals) is 
a highly successful means of directly controlling the flow 
of high-pressure fluid to hydraulic cylinders and motors 
delivering up to 50 hp or more, a better combination 
of cost, efficiency, linearity and response for drives over 
10 hp can often be achieved by restricting the role of 
the servo valve to controlling the stroke mechanism of 
a variable-displacement pump and letting the latter be 
the primary power amplifier. 


Drive Criteria. For the Hufford spin-forge applica- 
tion, two drive problems were primary: 

e@ 1. The spindle speed had to be steplessly variable 
from 10 to 400 rpm, with constant torque at the lower 
range and constant horsepower (200 hp) at the upper. 
The control had to provide for presetting a constant 
surface speed at the point of contact of the master roller 
(right-hand roller, Figs. 3, 4) with the workpiece. This 
was to be maintained by automatically varying the spindle 
speed inversely with part diameter—sfm (surface feet 
per min) = rpm & wD. 

@ 2. The tracer control had to provide peak roller 
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Fig. 1--This Hufford Model 60V225 Spin Forge, largest and 


most powerful vertical-spindle, roll-forming machine known 
to be in actual service, was developed for the Utah facility of 
the Marquardt Aircraft Co. to produce surface-of-revolution 
parts to tolerances within +0.003 in. for ramjet engines. 
Machine progressively extrudes metal blanks, with or without 





Fig. 2— Main drives: (A) Two 360-deg, two-axis tracer controls 
—one for right-hand carriage (vertical) and cross slide (hori- 
zontal) cylinders, the other for left-hand carriage and cross 
slide. Each cylinder has infinitely variable feed rate from 0 to 
10 in. per min (or 0 to 0.100 in. per spindle revolution) and 
exerts 225,000 lb force in either direction. (B) Spindle drive 
(200 hp) steplessly variable from 10 to 400 rpm to maintain 


DECEMBER 1959 


deformation, by pressing hardened rollers against workpiece on 
a rotating mandrel. Capacity: original blank—up to 60 in. diam, 
1 in. thick (321 stainless steel); formed part—up to 60 in. 
diam, 60 in. vertical length. With tailstock removed, tubular 
parts can be back-extruded to 120 in. Machine weighs 425,000 


Ib, rises 205 in. above floor, 130 in. below, and is 336 in. wide. 


preset constant surface-speed rate up to 1500 surface ft per min, 
(C) Two manual or template-programmed quadrant controls 
for maintaining attack angle of rollers with respect to man- 
drel between 15 deg above and 45 deg below horizontal. 
Auxiliary drives (not shown) include vertical tailstock advance 
and return and horizontal spindle housing advance and return 
(at floor level) for loading and unloading workpiece and tooling. 
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Fig. 3—Modes of tracer operation: (A) single-roll tracing using 
right-hand tracer system only; (B) two-roll tracing with left- 
hand system slaved to right; (C) two-template tracing with 
vertical cylinders of left and right tracers synchronized. 


Fig. 4— Close-up of (A) left-hand tracer head, (B) template, 
(C) right-hand roller holder, (D) typical workpiece—truncated 
cone formed from l-in, thick 321 stainless—and (E) barely 
visible portion of protractor used for manual setting of roller 
attack angle. 


forces up to 225,000 lb horizontally and vertically (but 
not simultaneously) and allow for presetting a constant 
surface feed (analogous to constant chip thickness in 
cutting tools) of 0-0.100 in. per rev of spindle to attain 
a final part accuracy within + 0.003 in. at rated 10 in. 
per min feeds (= 0.005 in. at top feed of 40 ipm). 
Other requirements included means for performing the 
various modes of operation sketched in Fig. 3 (as well 
as “jog’’), maintaining the roller attack angle with 
respect to the work, tailstock advance and retract, and 
moving the spindle housing assembly in and out (hori- 
zontally) for loading and unloading workpiece and tool- 
ing 


‘he forces involved pretty well dictated hydraulic 
cylinders for carriage and cross-slide motions. The 200- 
hp requirement for the spindle would seemingly indicate 
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an electrical drive, but the hydraulic system finally 
adopted had an equal performance and considerably 
lower cost. Both the spindle drive and tracer controls were 
chosen to be 3000-psi systems to minimize fluid volume 
without going to the higher-cost components that a higher- 
volume system would require. 


Spindle Drive 


The spindle drive shown in schematic form in Fig. 5 
is almost a direct analogy to a constant-current motor- 
generator set driving a d-c motor. 

Electrical Analogy. The piston-type variable-delivery 
pump used is inherently a low-slip device (5-7 per cent 
for the a-c drive-motor-pump combination from zero to 
rated pressure). The pump is controlled by varying the 
stroke length of its pistons. For each revolution of the 
drive motor, at a particular setting of the stroke mecha- 
nism, a constant volume of fluid is displaced. Thus a 
nearly constant flow (analogous to current) is produced, 
in proportion to the stroke setting, while the pressure 
(analogous to voltage) varies with the load. 

The variable-volume hydraulic motors used are also 
piston type. The amount of fluid that must flow through 
each motor per revolution is inversely proportional to 
the length of stroke. Thus, for constant flow, the shorter 
the stroke the faster the motor must rotate. The load on 
the motor is reflected to the variable-delivery supply 
pump as a back pressure (analogous to counter-emf in 
a d-c motor), and the line pressure rises to whatever 
level is necessary for the motor to rotate at the speed 
required to maintain constant flow. 

The system is so designed that for zero speed the pump 
is on zero stroke and the motor on full stroke. In ac- 
celerating the spindle from 0 to 100 rpm, the pump is 
changed from zero to full stroke while the motors are 
held on full stroke. Then, from 100 to 400 rpm, the 
motors are reduced from full to 14 stroke while the pump 
remains on full stroke. 

Thus, from 0 to 100 rpm, the system delivers constant 
torque (analogous to armature control of a d-c motor), 
while from 100 to 400 rpm the system delivers constant 
horsepower (analogous to field weakening). 

Control. The crossover point (100 rpm) from pump 
to motor stroke control is set both electrically and hy- 
draulically. The speed command is established as a preset 
voltage calling for a specific surface speed. Before being 
applied to the servo amplifiers, the sfm command is 
modified by the voltage output (inversely proportional 
to tool radius) of a cam-follower differential-transformer 
type transducer (LVDT). This signal is in turn summed 
with the rpm feedback signal of the spindle tachometer. 

If the command is for 100 rpm or less, the voltage will 
be less than the crossover signal and only the pump ampli- 
fiers will respond. If the command is for more than 100 
rpm, the command voltage will drive the pump amplifier 
full “on” and the motor amplifier will also respond. 

Stroking Mechanism. The pump amplifier, Fig. 5, 
actuates a linear d-c torque motor (TM) which in turn 
positions a three-way servo valve that regulates the 
pressure on the large end of a 2-to-1 area cylinder. The 
cylinder controls the position of the pump slide block 
which determines length of piston stroke. The pump servo 
valve also ports control pressure to the servo valve con- 
trolling the hydraulic motor slide blocks. 

When the valves are in the neutral position shown in 
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Fig. 5—Electrical-mechanical-hydraulic schematic of spindle drive, 


lig. 5, the pressure in the large end of the pump slide- 
block cylinder will be half the control pressure. As the 
pump servo valve opens, calling for more speed, this 
pressure attempts to rise and the piston moves to in- 
crease the pump stroke. The pressure will not rise above 
half control pressure until the piston has bottomed out 
and the pump is on full stroke. Only then can sufficient 
pressure build up at the input port of the motor servo 
valve to actuate the motor slide-block piston. Thus the 
crossover point between pump and motor control is 
interlocked hydraulically as well as electrically. 

Both the pump-control and the motor-control loops 
are stabilized by position feedback signals from the 
transducers (TR) mounted in the servo valves and on 
the pump and motor slide blocks. Each of the amplifiers 
contains a variable-phase a-c voltage source for energiz- 
ing the differential transformers so that their feedback 
signals are in phase with the input signals. 


Tracer Control 


Each tracer control system (right hand and left hand) 
has two variable-displacement pumps, each driving a 
hydraulic cylinder. Pump stroke-control mechanisms are 
identical to that used for the variable-displacement pump 
in the spindle drive, and so are not detailed in the system 
block diagram, Fig. 6. 

Tracing Function. Primary purpose of the tracer 
control(s) is to move the tracer head(s) along the tem- 
plate(s) at a specified rate and keep the roller(s) in exact 
synchronism at all times. The tracer head is mounted on 
the horizontal slide in a location pregisely fixed relative 
to the forming roll. The full-scale template is mounted 
outside the machine frame, precisely fixed in relation 
to the center of the mandrel. The position of the tracer 
stylus with respect to the template is thus an exact meas- 
ure of the roller position with respect to the work on the 
mandrel. 
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detailing pump and motor stroke controls. 


Command Signal. Stylus deflection is always (as- 
suming negligible sliding friction between stylus and tem- 
plate) normal to the template surface. The magnitude and 
direction of stylus deflection thus indicates the location 
and instantaneous slope of the template surface. The 
tracer head is an electromagnetic transducer energized 
by a small two-phase a-c voltage from the tracer panel. 
The magnitude and phase of its output voltage indicates 
the amount and direction of the stylus deflection. When 
the stylus is deflected by the normal operating deflection, 
corresponding to nominal work dimension, the deflec- 
tion produces a signal just sufficient to balance an “in” 
signal of preset amplitude and opposite phase. If the 
stylus is over-deflected, a net “out” signal results which 
would tend to drive the slides so as to move the stylus 
away from the template in a perpendicular direction. 

Tracing speed is preset by a surface-feed potentiom- 
eter across the amplified voltage output of the spindle 
tachometer to give an a-c input voltage 90 deg out of 
phase with the “in” and “out” signals described, with a 
magnitude proportional to the desired feed rate. This 
feed-rate signal is mixed with the tracer-head output and 
resolved into horizontal and vertical components for the 
cross-slide and carriage servos. As in the spindle drive, 
feedback from the servo valves and the pump slide blocks 
helps stabilize the individual cylinder drives. The tracer 
head closes the system loop as its stylus location is also 
a measure of actual position and motion of the roller 
with respect to the workpiece. 

Cylinder Compensation. The cylinders driving the 
machine slides are single-ended, making the volume of 
the blind end larger than that of the rod end. Thus, a 
given volumetric rate of flow will produce faster piston 
travel in one direction than in the other. To keep control- 
system calibration in balance for both forward and re- 
verse travels, compensation is provided as shown in Fig. 
7. When the piston is being extended, the drop in pres- 
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Fig. 6— Bleck diagram of tracer contro] of machine slides. 


sure on the rod side opens the pressure switch and brings 
resistor R into the feedback circuit. This in turn calls 
for an increase in the pump slide-block movement pro- 
portional to the additional volume of the blind end of 
the cylinder. 


System-Design Considerations 
When 


proached the 


Minneapolis-Honeywell engineers first ap- 


Hufford 


quirements seemed quite stringent. A preliminary estimate 


application, the accuracy re- 


showed the necessary forces to be even higher than the 
final ratings of 225,000 lb maximum thrust per slide at 
feed rates from 0 to 40 ipm (a peak hydraulic horsepowe1 
of roughly 22.5 hp per slide). The high forces and wide 
speed range imposed additional requirements of structural 
stiffness, high force-to-inertia ratio, and full force at zero 
speed. This last requirement in particular helped swing 
the decision from rotary drives to hydraulic cylinders for 
the slides. This brought the additional advantages of 
freedom from backlash (critical in reversals of speed and 
force), simplicity, minimum wearing parts and compact- 
ness. 

Cylinders, however, had two disadvantages. First was 
the difficulty of providing an electrical feedback propor- 
tional to slide velocity (as can be easily done by a tachom- 
eter on a rotary drive). Feedback had to be taken from 
the pump slide block and, as previously noted, this re- 
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quired compensation for the volume inequalities at the 
blind and rod ends. 

The second disadvantage was the possible effect of 
fluid compressibility on frequency response. As_ the 
cylinders were of relatively large volume, they had to 
be carefully sized for optimum diameter-to-volume ratio 
to minimize these effects. (In rotary drives the amount 
of fluid under pressure is much less.) 

Servo Valve Control vs Variable Pumps. The 
slide cylinders could have been controlled directly by 
servo valves throttling the output of a constant-displace- 
ment pump. This is the approach used in the majority 
of machine-tool hydraulic-servo applications. In the 
normal range of 1 to 5 hp required for metal-cutting 
tracer operations, this so-called valve-servo configuration 
is almost always less expensive than the pump servo, and 
a servo valve has much higher frequency response than 
the stroking mechanism of a variable-displacement pump. 
The valve servo is, however, less efficient than the pump 
servo, requires relatively larger heat-dissipation capa- 
bilities, and must generally be over-sized when linearity 
is required. 

These drawbacks are inherent in the valve itself. 
Different valve designs exhibit varying characteristics, 
but the typical servo is basically a variable-orifice device. 
It behaves according to the standard orifice flow equa- 
tion—that is, flow varies as the square root of the pres- 
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sure drops across the valve. Maximum linearity of flow 
control is thus achieved only when the valve is nearly 
closed and most of the pressure drop is across the valve, 
leaving only a small fraction of the supply pressure to 
drive the load. Even so, if the load pressure is allowed 
to vary between zero and 14 supply pressure, valve 
linearity will vary approximately 19 per cent. 

From the power point of view, however, the servo 
valve acts as a throttle with a maximum theoretical 
power-transfer efficiency of 6623 per cent, and this is 
approached only when 2% of the supply pressure drops 
across the load. Only 1% of the pressure drops across 
the valve at this point. Thus in a valve servo either 
linearity or efficiency must be sacrificed. 

Accordingly, it is common practice to design the hy- 
draulic system of a valve servo so that load pressure 
variations are kept below 14 supply pressure. 

Below 10 hp the power loss can easily be tolerated. 
From 10 hp up, however, sacrificing efficiency for linear- 
ity becomes increasingly expensive. The valve-servo ap- 
proach therefore seemed highly impractical for the spin- 
forge application. 

Variable-delivery pumps, on the other hand, promised 
high inherent efficiency (about 90 per cent) and low 
slip (5 to 7 per cent). And the considerable over-rating 
that would be required for constant-displacement pumps 
in a valve-servo design made the variable-delivery pump 
advantageous cost-wise, as it could be closely rated. 

Frequency Response, The main problem was speed 
of response. Variable-delivery pumps had heretofore been 
used primarily for manual control of position, motion 
and/or acceleration or automatic control of pressure, 
flow, speed, force or position to preset constant values. 
These applications emphasized load response rather than 
speed of response to varying control-signal inputs. Auto- 
matic control applications with programmed or auto- 
matically varied command inputs to variable-delivery 
pumps have been comparatively rare. Familiar examples, 
such as feed-rate synchronizing or tension control, in- 
volve relatively simple sequences of command signals 
over a very small range with speed and force components 
in the same direction and motion generally unidirectional. 

Whether variable-delivery pumps could respond fast 
enough to control signals to meet the accuracy require- 
ments was yet to be proved. The response rate required 
for machine operation is directly related to the maximum 
acceleration rates necessary to follow changes in the tool- 
path program. This is dependent on the gain and lag 
characteristics of all system components, but in this case 
would ultimately be limited by the available force-to- 
inertia ratio of the machine slides. 

In tracing operations, the required response rate be- 
comes a function of required accuracy, maximum rate 
of change in template contour, and tracing speed. Al- 
though the specified accuracy of 0.003 in. at 10 ipm 
would be child’s play for a small milling machine or 
lathe, it would have been quite difficult to achieve with 
the forces and masses involved in the spin-forge appli- 
cation were it not for the unlikelihood of roll-forming 
being used for tracing sharp corners or small-radius 
curves. 

About the most stringent test expected would be to 
trace a sharp outside corner at a maximum tracing speed 
of 40 ipm. With a 2-in. diam. roller, the stylus center 
would follow a l-in. radius path, and the required ac- 
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Fig. 7—Method of compensation for differential volume of 
single-ended cylinder in reversing drive. 
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Fig. 8 — Frequency response of pump stroke-control mechanism. 
(Curve A has zero offset to ease comparison.) 


celeration would be roughly equivalent to a frequency 
response flat to 1/10 cps. Although only sketchy fre- 
quency-response data were available for variable-delivery 
pumps, rough tests suggested a response many times that 
value—and probably well in excess of the machine’s 
ability to follow. 
Figure 8 shows results of two preliminary tests. Curve 
A was taken for a half-wave amplifier and three-way servo 
valve alone. (High-gain feedback is responsible for rising 
characteristic.) Curve B was taken for the same valve 
and amplifier controlling a 3-hp variable-displacement 
pump. The pump was unloaded so the curve reflects only 
(Continued on page 173) 
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ervice Conditions in 
Motor-Protector Selection 


Present practice in testing thermally 
protected motors does not usually include 
all of the critical motor-operating condi- 
tions and therefore does not establish 
the highest winding temperature allowed 
by the thermal protector. At temperatures 
attained under these critical conditions, 
windings can burn out even though the 
motor is equipped with “‘thermal protec- 
tion.” With complete information on a 
particular motor’s performance under 
service conditions, suitable judgment can 
be exercised in the application of com- 
plete protection. Important elements in 
the complete information necessary are 
the methods used in motor-winding tem- 
perature tests and the interpretation of 


lest results. 


A. P. WHITE 

Spencer Products Group, 

Metals & Controls Division 
Texas INSTRUMENTS INCORPORATED 
Att! boro, Mass. 


ALTHOUGH A THERMAL PROTECTOR operates in response 
to motor-winding temperature, the winding temperature 
permitted by the protector may not necessarily be at the 
same value for all abnormal conditions. In order to 
evaluate a protector, the first step is to define and identify 
these conditions. 

Abnormal conditions are defined as those which the 
equipment is not intended to meet and under which the 
equipment is not intended to complete its duty cycle. 
Abnormal conditions in service include the following: 


. overload 
2. blocked ventilation 
3. ambient temperature variation 
. line-voltage variation 
. frequency variation of power supply 
. stalling 
7. improper power supply 
. jammed load 
. mechanical failure of driven mechanisms or coupling 
. electrical failure (such 
controls ) 
. improper lubrication 
2. improper installation 


component as of automatic 


Winding temperatures of approximately 95 C at ulti- 


Table | — Peak Temperatures Permitted by Protector for Six Abnormal Test Conditions; 1/3-hp, 
115-volt, 4-Pole Split-Phase Appliance Motor (from Reference 3) 


Locked rotor, 
both windings 
Ultimate — —— - 


Protector . 
trip 115 volts 


type' 


CEFILR 


r 


138 


80 volts 


122C 161C 


. CEFS1JO 139 232 


EO572 153 


| 


| 
Locked rotor, 
run winding only 


Locked rotor, Running, both 
| start winding only windings 
ple cil oe eae teeta erect ta 


115 volts 115 volts 


115 volts 


116C : 183 C 
144 : 2 


183 191 C 


‘a. CEFSILR is presently used protector type applied to U/L limits 125 C max running load and 150 C max locked rotor. 


b. CEFS1JO is presently used protector type applied to U/L limits 140 C max ultimate trip and for locked rotor 200 C peak first hours, with 175 


average each cycle thereafter. 


E0572 is complete-protection protector type applied to U/L limits 140 C/200 


* No trip at 220 C. Test manually shut down. 
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» 125 ¢ 


C peak and 150 C 


peak/150 C average. 
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mate trip and 80 C on stalled rotor were permitted in 
early applications of protectors. They would be con- 
sidered extremely conservative today when applications 
of protectors are made up to maximum allowable limits. 
For Class A insulation, the Underwriters’ Laboratories 
limit is 140 C ultimate trip and 200 C peak in the first 
hour cycling, with subsequent peak of 175 C and 150 C 
average stable stalled rotor. 

Working to higher temperatures can increase the 
difference in winding temperature between the different 
test conditions permitted by the protector. In considering 
abnormal conditions, it will be helpful first to translate 
them into terms of their effect within the motor. In this 
way, it will be possible to identify test conditions for 
the motor corresponding to the abnormal conditions 
which can occur in the motor application. For single 
phase motors these test conditions are: 


I. Running overload with or without high ambient or 
ventilation blocked. 

II. Locked rotor at normal voltage (or high voltage, 
particularly in shaded-pole motors) such as caused 
by mechanical failure of driven load. 

. Locked rotor caused by low voltage where decreased 
torque is insufficient to start load. 

’, Locked rotor with main winding only in circuit 
resulting from open-circuit start switch failure or 
open circuit in reversing switch. 

’, Locked rotor with start winding only in circuit such 
as resulting from an open main-winding circuit or 
an open circuit in reversing switch. 

. Running with both start and main windings in the 
circuit resulting from start-switch failure in closed 
position or low voltage preventing reaching switch- 
over speed. 


Conventional thermal protectors generally are tested 
on the motor only for the running overload part of 
Condition I and for Condition II, normal voltage. With 
some protectors, adequate over-temperature protection 
may be obtained for all parts of Condition I as well as 
for Conditions II] and IV. Usually no protection is ob- 
tained for Condition V and only in some instances fot 
Condition VI. Conditions IV, V and VI result from fail- 
ure in electrical-circuit components. Failures of this type 
when thermal protectors were first used were not con- 
sidered important, but there has been a shift toward fully 
automatic equipment. Motors may be started and stopped 
several times during a cycle of operation and may be 
reversed in direction of rotation. Any malfunctioning of 
the control switches, timer or start switch can result in 


Table li — Difference 


in Protected-Winding 
Temperature on Locked Rotor at 80 and 115 
Volts; 1/3-hp, 115-Volt, 4-Pole Split-Phase Motor 


Temperature 
Protector type difference 


CEFSI1LR. Presently used type applied to U/L 
limits 125 C/150 C peak 


. CEF51JO. Presently used type applied to U/L 
limits 140 C/200 C—175 C peak/150 C average 


E0572. Complete protection type applied to 


U/L limits 140 C/200 C—175 C peak/150 C 
average 
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Circuit diagram for measuring d-c resistance of motor winding 
after shutdown, using automatic-recording strip-chart, high- 
speed balancing Wheatstone bridge. Components: 

a. Resistance bridge. Leeds & Northrup Type G Speed-O-Max 
Wheatstone bridge with 1 sec full-scale deflection and 
magnetic pen-lift attachment. 

. Three-pole, double-throw magnetic relay. Rating required 
must be adequate for stalled-rotor current values of each 
motor winding; bridge circuit contacts must be gold plated. 

:. Time delay #1. Time delay relay, SPST, normally open, 
time delay on deenergizing Agastat Model 2122A5 ad- 
justable 0.030 to 3 sec, 110 volts a-c, 60 cycles, with gold- 
plated contacts. 

. Time delay #2. Time delay relay, DPST, one pole 
normally open, one pole normally closed, otherwise same 
as time delay #1. 

>. Ballast resistance. Any available adjustable resistance with 

range extending beyond d-c resistance of motor winding. 





Condition IV, V, or VI, so that circuit-component failure 
should no longer be disregarded. 

There are protectors now available which will provide 
protection for the six listed conditions and these will be 
referred to here as complete-protection protectors. It 
should be of interest to compare the motor-winding tem- 
perature permitted by a complete-protection protector 
and a conventional type, Table 1. Ambient temperature 
variation and blocked ventilation are not included in 
the table. The thermal protectors used were designed 
and applied for proper operation under these conditions. 
It has been demonstrated that a properly applied protec- 
tor, even at high temperature levels of protection, will 
limit the winding within a relatively narrow range of 
temperature for motor operation on conditions involving 
variations in ambient temperature, ventilation and over- 
load.* Frequency variations in the power supply is usually 
not considered a problem today. What this means is 
that, unless the performance characteristics of a given 
combination of thermal protector and motor are known, 
the combination should be tested. Otherwise, under- 
or over-protection may result. Over-protection can mean 
nuisance operation of the protector. 

Let us take a closer look here at protector operation 
on stalled rotor. This study, which was made on a ¥- 
hp, 115-volt, 4-pole split-phase automatic-washer motor, 
shows that for a given protector, the difference in wind- 
ing temperature on stalled rotor permitted by the protec- 
tor for variation in line voltage increases with the tem- 
perature level of protection. It is easy to see the extent 


***How Does the Protected Motor Behave ‘Upstairs'?"’ 
Manuracturine, March 1945. 


L. W. Buell, Exvecrricar 





of this by arranging the data in the form of Table II. 
For presently used protectors, the stalled-rotor winding 
temperature permitted by the protector increased its 
spread from 15 C to 3G C. This is obtained between normal 
and low voltage with protectors of ratings giving peak 
stalling winding temperatures of 150 C and 200 C. The 
small variation of 4 C in stalled winding temperature with 
the complete-protection protector is typical of this type, 
whereas the large variation shown for the conventional 
protectors can be even greater with less favorable designs. 

In some applications, stalled-winding temperature per- 
mitted by the protector may increase with increase in 
line voltage. An example is a shaded-pole fan motor 
equipped with a winding thermostat, for which stalled- 
rotor test data are shown in Table II]. High voltage may 
be less of a problem than low voltage. However, in this 
case, if the maximum winding temperature allowed by 
the protector is to be established, testing should be at 
maximum rather than minimum expected field-service 
voltage values. 

Temperature Measurement. The yardstick of pro- 
tector performance is motor-winding temperature per- 
mitted. Therefore, temperature measurement is a vital 
consideration in any protector discussion. Experimental 
work has shown that measurements with cemented ther- 
mocouples are not reproducible. On a 13-hp, 115-volt 
split-phase motor with locked rotor, the start-winding 
temperature was measured with a cemented thermocou- 
ple. The thermocouple was removed, reinstalled, and the 
measurement repeated. Results obtained showed a dis- 
agreement for several readings averaging 30 C for a level 
of 110 C and a disagreement averaging 37 C for a level of 
178 C. These results were obtained in a typical set of 
tests. (Further tests may show either greater or less dis- 
agreement.) However, they illustrate the fickleness of ce- 
mented thermocouples. (J) * 

Temperature measurement by change in resistance of- 
fers many advantages as well as avoiding the many prob- 
lems with thermocouples. The resistance method is widely 
used in the motor industry for measuring winding tem- 
perature on running loads and in the refrigeration indus- 
try for running as well as stalled conditions. The tech- 
nique of measuring motor winding resistance for running 
loads was enormously improved by R. E. Seely of General 
Electric Company. (2, 3) These methods have not been 
suitable for rapidly varying temperature. However, meas- 
urement of rapidly changing winding temperature (such 
as on stalled rotor) by change in resistance can be made 
with the proper instrumentation. 


* Italic numerals in parentheses refer to Cited References at end of text. 


Table Ill 


— Shaded-Pole Fan-Motor Winding 
Temperature for Various Line Voltages, Locked- 
Rotor Cycling on Protector 


Line Line 
voltage, current, 


Time Winding 
energized, temperature, 
sec deg C 


480 162 
240 192 


126.5 | 200 . 


| 


* No trip at 202 C, Test shut down manually. 
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The usual techniques for resistance measurement ot 
motor windings are suitable where the winding tempera- 
ture is stable or changing slowly. (These are described 
in References 2, 3 and 4.) With rapidly changing tem- 
perature or resistance, it is found that reliability of the 
reading depends upon the response of the observer to 
manipulate hand balancing instruments or to read and re- 
cord automatic indicating types. This is based on experi- 
ence in measuring many motors, of which the most recent 
is a 13-hp., 115-volt split-phase motor with an average rate 
of rise of starting winding temperature of 30-35 C per sec 
on stalled rotor. The inconsistency in results caused by 
the variable human element is excessive for any accept- 
able degree of reproducibility of results. Therefore, it 
was believed necessary to have the equipment measure 
the d-c resistance and record the value automatically. 

A list of the equipment used (of which all components 
are standard available commercial items) together with 
a circuit is shown in the diagram (preceding page). The 
main component is the automatic balancing and record- 
ing Wheatstone bridge equipped with a magnetic pen- 
lift mechanism. The relays and circuit used provide 
the proper sequence in switching the motor winding from 
power-energized position to the resistance bridge. The 
time-delay relays are of the type which have a delay on 
de-energizing the control circuit and immediate response 
when energized. 

The circuit is shown with all switches in the position 
at which the motor winding is energized and the protector 
is closed. In this position, the bridge is connected to the 
ballast resistance so that the pen will remain on scale. 
Also, the magnetic pen lift is energized to raise the pen 
above the strip-chart paper so that the pen does not make 
an ink trace but is free to move up or down scale. 

Tripping of the thermal protector simultaneously de- 
energizes the motor winding:and time-delay relay 1. On 
expiration of the delay, which is only long enough for 
any transient voltage from opening of the motor circuit to 
be dissipated, the 3PDT magnetic relay is de-energized, 
switching the motor winding to be measured to the 
bridge circuit and de-energizing time delay relay 2. Dur- 
ing the time delay of relay 2, the motor winding is in 
parallel with the ballast resistance, so that the value of 
resistance on the bridge will be less than that of the wind- 
ing. When time-delay relay 2 operates, the recording pen 
drops to the writing position and the ballast resistance is 
removed from the circuit. The bridge then records the 
peak instantaneous value of winding resistance in a sharp- 
ly defined “up-scale” trace and continues its recording 
of winding resistance until the thermal protector resets, 
energizing the motor for another heating cycle. O00 
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To take successful advantage of the good qualities of silicon and germanium rectifiers, it is 


necessary to make provisions in the circuit design for the reduction or elimination of destruc- 


tive voltage transients. A knowledge of the possible sources of such transients and the means 


by which they can be detected is prerequisite to the design. 


F. W. GUTZWILLER 
Semiconductor Products Department 
GENERAL EvLectric COMPANY 
Auburn, New York 


THE OUTSTANDING ADVANTAGES to be gained from the use 
of silicon and germanium rectifiers are well-known. How- 
ever, if they are not properly applied, these types of 
rectifiers can be sources of a great deal of costly, time- 
consuming difficulty because of their extreme sensitivity 
to voltage transients in excess of their ratings. If the 
common sources of voltage transients in semiconductor 
rectifier circuits are known, however, and if proper meth- 
ods of detecting their presence are used, there are means 
by which they can be successfully reduced or eliminated. 

In comparison to vacuum or gas-tube rectifiers, sili- 
con and germanium rectifiers generally have low inverse- 
voltage capabilities. Because of the sharp transition of 
their dynamic inverse resistance from a very high to a 
very low value in the region of avalanche (sometimes 
called Zener) breakdown, and because of their very low 
thermal capacity, these devices have a very small margin 
between the value of voltage which they can satisfactorily 
block on a continuous basis and the transient over-voltage 
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which will destroy a cell by shorting in a matter of 
microseconds. 

The transient voltage problem with silicon rectifiers, 
and to a lesser degree with germanium, is aggravated by 
their high reverse resistance and low interelectrode 
capacitance. On the other hand, the relatively large 
effective capacitance and low reverse resistance of other 
dry types of rectifiers (such as selenium and copper 
oxide) serve to reduce voltage transients by storing and 
dissipating energy suddenly released by the circuit. To 
suppress voltage transients in germanium and silicon 
rectifiers to the same degree, it is necessary to introduce 
external resistance and capacitance as described in the 
following paragraphs. If these external means are not 
provided, the circuit voltage must rise to the rectifiet 
breakdown point to dissipate even relatively low levels of 
transient circuit energy. Operation beyond breakdown 
for even an instant can destroy rectifier cells. 


Where to Expect Voltage Transients. In the fol- 
lowing discussion, transients are considered to be those 
voltage levels which exceed the normal, repetitive, peak 
inverse voltage (piv) applied to the rectifiers. In the 
more common rectifier circuits, the piv is equal to the 
peak line-to-line voltage feeding the rectifier circuit. 
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@ De-Energizing the Transformer Primary. Voltage 
transients as high as 8 to 10 times normal piv have been 
observed across silicon rectifiers due to opening of the 
primary circuits of transformers (Fig. 1). Such transients 
reach their most severe level at no load or when there 
is an inductive load such as a choke input filter on the 
rectifiers. 

Opening the primary circuit of a transformer interrupts 
its magnetizing current. The sudden collapse of this cur- 
rent and the magnetic flux to which it is proportional 
causes a high voltage transient in the secondary, as shown 
in Fig. 1, unless a discharge path for the magnetizing 
energy is provided in either the primary or the secondary. 
Neither the reverse characteristics of silicon and germani- 
um rectifiers nor inductive loads provide the required 
low-impedance discharge path for this burst of transient 
energy. The amplitude of this type of transient depends 
on the instant during the a-c cycle at which the circuit is 
opened. The highest transients occur if the switch opens 
at or near the point where the primary voltage swings 
through zero. 

@ Energizing the Transformer Primary. When a trans- 
former is energized, a transient oscillation may be set up 
in the secondary (Fig. 2). It results from application of 
a step function of voltage to the resonant circuit formed 
by the leakage reactance of the transformer in combina- 
tion with the distributed secondary winding capacitance. 
(])* If the primary is energized at the peak of the supply 
voltage, the transient may be expected to approach twice 
the normal piv in the secondary if little or no damping 
is provided in the circuit. 

Transients even higher than twice normal piv may be 
encountered on closing the primary circuit if the switch- 
ing contacts bounce during the closing of the circuit. In 
this case, the transients are actually due to momentary 
interruption of the magnetizing current as previously 
discussed. 

@ Inductive Loads in Parallel with the Rectifier Input. 
When inductive loads such as motors, solenoids, or relay 
coils are operated in parallel with the input to a rectifier 
circuit (Fig. 3), interruption of the main a-c supply will 
produce transients across the rectifiers as the stored 
energy in the inductance seeks a path through which to be 
dissipated. Interruption of the circuit may be by a con- 
tactor, circuit breaker, or in some cases may simply be 
the occasional functioning of a branch circuit protective 
fuse. As in the other sources of typical transient voltages, 
this type of voltage transient is most destructive to the 
rectifiers when no discharge path other than the reverse 
characteristics of the rectifier exists. Thus most trouble 
can be expected here when the rectifier circuit operates 
at no load or into an inductive load. 

e D-C Switching. When the d-c circuit of a rectifier 
is interrupted suddenly under load, the magnetic energy 
(14 Li?) stored in the a-c line and in the transformer 
leakage reactances generates a voltage across the switch 
and the rectifiers which is approximately equal to 
—Idi/dt if no alternate discharge path exists. This is 
particularly critical when opening the d-c bus under 
short-circuits. Under these conditions, energy is stored in 
the a-c reactance at many times the level which occurs 
at normal loads. 

Contrary to what sometimes is taken for granted, the 


* Italic numerals in parentheses refer t References at en 
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removal of an inductive load on the d-c side of the 
rectifier does not in itself apply voltage transients to the 
rectifiers. Inspection of the typical rectifier circuit in 
Fig. 4 reveals that an inductive load tries to maintain 
current flow in the forward or easy direction through 
the rectifier cells. 

@ Energizing a Step-Down Transformer. When a trans- 
former is energized, the primary voltage is coupled mo- 
mentarily to the secondary through the capacitance 
between the primary and secondary windings (Fig. 5). 
As soon as this low capacitance is charged, its effect 
becomes negligible at power frequencies. In step-up or 
1:1 transformers, this capacitive coupling effect will not 
provide secondary voltages higher than normal. How- 
ever, in high-ratio, step-down transformers which feed 
circuits with very low input capacitance, the initial charg- 
ing transient may lead to voltages many times normal piv. 

e@ Hole-Storage Recovery Transients. After a silicon 
or germanium cell conducts forward current, a_ brief 
interval (usually a few microseconds) is needed to sweep 
out current carriers from the base region of the semi- 
conductor before the cell becomes capable of blocking 
reverse voltage. (2) Until the cell recovers, it behaves 
like a short-circuit in the reverse direction. Thus, in the 
typical single-phase bridge shown in Fig. 6, a negative 
current surge flows through cell A immediately following 
its forward conduction. This current is limited only by 
the impedance in the a-c line feeding the rectifier. Once 
the current carriers have been swept out of the semi- 
conductor, it abruptly assumes its blocking state and its 
resistance to the flow of current increases many orders 
of magnitude. As rectifier recovery interrupts the hole- 
storage current, a voltage transient is generated across 
the rectifier by the energy stored in the a-c reactance in 
a manner similar to the voltage that would occur across 
an opening switch in the place of the rectifier cell. 

At power frequencies, when no more than a few rec- 
tifier cells are connected in series, this phenomenon will 
usually not lead to transient voltages in excess of the 
normal piv being applied to the rectifier cell. If this is the 
case, no harm is done even though the transient occurs 
every cycle. However, when many rectifier cells are 
connected in series in order to secure a higher inverse 
voltage rating, the recovery voltage transient may cause 
destruction of the cell that first recovers its blocking 
ability in the series string. (3) Until the other slower cells 
regain their reverse blocking ability, the fastest cell(s) 
will be subjected to the full initial inverse voltage and 
any transients generated by the source reactance. 

This type of recovery voltage transient becomes par- 
ticularly severe in phase-controlled circuits and inverters 
using silicon controlled rectifiers (solid-state thyratrons). 
In such circuits, the controlled rectifiers and associated 
diodes may be subjected to much heavier commutation 
duty than cells in conventional diode rectifier circuits. 
For instance, at delayed firing angles in a phase-controlled 
circuit, a cell may be called on to switch from maximum 
rated current (or surge current) to maximum piv block- 
ing. This condition is particularly conducive to high re- 
covery voltage transients. 

@ Dropping Load from an El-type Filter with High 
L/C Ratio. When the load switch is opened in Fig. 7, 
the energy stored in L is transferred to C and then gradu- 
ally bled off through the reverse resistance of the recti- 
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fiers. If the value of C is low in relation to L, the transfer 
of energy will result in the development of a high voltage 
across C and the rectifier circuit. The peak voltage, Vy, 
on C under these conditions can be calculated as follows: 


TS cy 
/ C + Vz? 


L. = filter inductance, henrys 


where 


( output filter capacitance, farads 
/ = d-c load current at instant of opening switch, amp 

Vy load voltage at instant of opening switch, volts 

As in the circuit shown in Fig. 4, the worst transients 
may occur when opening the load under short-circuit 
conditions. 

@ Regenerative Loads. This category combines those 
types of loads in which high voltages are periodically or 
intermittently induced. Figure 8 illustrates the case of a 
d-c shunt motor under overhauling load conditions or 
suddenly increased shunt-field strength while driving a 
high-inertia load. Another load of this general type is 
the synchronous motor field during starting. 

@ Use of Fuses or Breakers for Isolating Defective 
Parallel Rectifier Cells. When continuity of d-c service 
is essential, rectifier circuits of the type shown in Fig. 9 
are commonly employed. If a rectifier cell fails by 
shorting as indicated, the resulting fault current will blow 
its associated fuse (or circuit breaker), thereby isolating 
the defective cell from the circuit and permitting the 
remainder of the circuit to continue to deliver power to 
the load. (4) 
fuse and the circuit, a large recovery voltage transient 
may develop across the fuse as it clears the fault. This 
transient may destroy the cells in parallel with the defec- 


Depending on the characteristics of the 


tive one since the polarity of the transient is in the inverse 
direction for these parallel cells. 

@ Switching Magnetic Amplifiers. In the typical bridge 
magnetic amplifier of Fig. 10, the inductance of the gate 
windings may substantial voltage transients 
across the rectifier cells. As the d-c circuit is opened, 


develop 


the energy stored in the magnetic-amplifier core develops 
a voltage across the switch. This voltage will appear in- 
versely across rectifier cells C and D. Voltage transients 
may also be experienced when switching the a-c line 
under load. In this case, voltage transients appear across 
rectifier cells A and B as the a-c switch is opened. This 
chops current in the gate windings, causing an oscilla- 
tion between the inductance of these windings and their 
distributed capacitance. This oscillation may swing to 
several times the normal line peak. 

@ Random Line Disturbances. Line transients from 
outside the equipment may apply severe inverse duty to 
the rectifiers. Among the most severe are those transients 
caused by lighting disturbances. 


How to Find Voltage Transients. The presence of 
excessive voltage transients in a rectifier circuit is often 
first suspected because of a rash of rectifier cell failures 
in the prototype equipment in the laboratory. In addition, 
these symptoms sometimes do not appear until the first 
equipment is in the field where operating conditions 
may depart quite radically from the near-ideal conditions 
that had been successfully passed in the laboratory. When 
these failures occur at very light loads or immediately 
following circuit switching, a voltage transient should be 


suspected as the culprit. 
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Since the search for, and measurement of, possible 
voltage transients in a circuit may destroy or at least 
permanently harm rectifiers in the circuit, the first correc- 
tive step should be to reduce the supply voltage to about 
14 or ¥% its normal level and then gradually increase 
it as measurements indicate the absence or reduction of 
transients to levels that the rectifiers can withstand. 

A-C switching transients are usually at their worst at 
no load. Therefore, it may be desirable to test the circuit 
for this type of transient at no load with rectifier cells 
of a lower current rating substituted for the main rec- 
tifiers in order to reduce the cost of cells that may be 
destroyed in the course of the test. Also, the higher 
reverse resistance of lower-current cells will aggravate 
voltage transients and thus make measurements and cor- 
rective measures conservative. Of particular importance 
in detecting transient voltages is the measuring instru- 
ment used in their analysis. 

e@ Meters. Except for very slow, high-energy transients, 
instruments with moving coils as their detecting and in- 
dicating means are almost useless in measuring transient 
voltages because of their high inertia and low input im- 
pedance. Of the eleven transient-voltage problems dis- 
cussed earlier, this type of meter may be useful only in 
measuring the amplitude of regenerative voltage transients 
such as those generated by a motor being driven by an 
overhauling load. 

@ Oscilloscopes. A high-speed oscilloscope with a long- 
persistence screen is probably the most useful single tool 
for analysis of voltage transients. For significant results 
in detecting and measuring all the types of transients 
that may cause rectifier failure, the oscilloscope should 
have a transient response of at least 0.1 microsec rise- 
time and be capable of writing rates in excess of 10 
million in. per sec. The Tektronix 530 series meets this 
specification. The Hughes Memoscope, although it is 
handicapped by its relatively slow writing speed and rise- 
time, is very useful for recording the longer-duration 
types of transients. 

For looking at cyclical transients such as those due 
to recovery from hole-storage effects (Fig. 6), the use of 
a scope is straightforward. In this case the sweep should 
be repetitive and synchronized with the power line. How- 
ever, for non-recurrent transients due to switching, more 
careful precautions are necessary. The scope should be 
equipped with a hood and, for visual inspection, the 
room should be darkened and the eyes of the operator 
permitted to become accustomed to a low light level. 
For checking the amplitude of voltage transients visually, 
it is sometimes more effective not to use a horizontal 
sweep, but to use only the vertical deflection of the trace. 
Thus, the eyes can be focused on the precise part of the 
scope face where any transient traces would appear. 

When a sweep is employed, it can be triggered by the 
transient itself or by some external means such as an 
extra contact or interlock on the circuit switch. By this 
latter means, the sweep can be initiated before the 
transient occurs and any doubt about missing an early 
part of the transient is eliminated. 

The objectivity of studying and non- 
cyclical transients is enhanced if a photographic record 
is secured to supplement the fleeting image recorded in 
the mind by the human eye. In many cases, fast film 
such as Polaroid Pola-Pan Type 42 or 44 (exposure 
index 200 and 400, respectively) will catch traces that 
are not perceptible to the eye. 


measuring 
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Figure 11 indicates points in typical circuits where 
the voltage transients across rectifiers may be monitored. 

@ Peak-Recording Voltmeters. Electronic peak volt- 
meters with memories can be very useful in checking 
for transients when their occurrence is random and can- 
not be predicted. The Model PTM-7 peak voltmeter, 
manufactured by Control Devices, Inc., Van Dyke, Mich., 
is an instrument of this type. It is capable of measuring 
the peak of transients with reasonable accuracy down 
to microsec duration. The amplitude of the transient is 
recorded on a meter and remains fixed for a minimum 
of half an hour before the reading begins to fall off. The 
maximum scale of 300 volts peak can be extended to 3000 
volts by use of a special probe accessory. Extraneous 
transient effects that may find their way into the read- 
ings through the power supply of this instrument may 
be eliminated by operating the instrument from an isola- 
tion transformer with a grounded static shield between 
primary and secondary windings. Although this instru- 
ment reads only peak values of the transient, a good idea 
of the duration of the transient can be obtained through 
use of the response time selector which determines to 
what minimum duration transient the instrument will re- 
spond accurately. 

e@ Spark Gaps. For high-voltage systems, calibrated- 
sphere spark gaps can be used to measure the crest values 
of transient voltages. (5, 6) Current through the spark 
gap after it has broken down should be limited by a 
non-inductive resistance (at least 1 ohm per test volt) 
in series with the gap on the grounded side. Suitable 
over-current protective devices should be used to inter- 
rupt the power follow-through after the voltage surge 
has passed. 


What to Do About Voltage Transients. One of the 
obvious solutions to the transient voltage problem with 
semiconductors is to provide additional piv capability by 
using cells with higher voltage ratings or additional cells 
in series. This alone is usually not the most economical 
answer. Normally the best solution will lie in a reasonable 
safety factor of piv (2 te 3 times the repetitive circuit 
piv) combined with suitable reduction of the amplitude 
of the transients to meet the rectifier rating. 

In one form or another, the elimination or reduction of 
voltage transients in rectifier circuits entails slowing 
down the rate of dissipation of stored circuit energy 
across the rectifier cells. To accomplish this, there are 
a number of alternatives: 


a) changing the location of the switching elements 
or the sequence of switching, 

b) changing the speed of current interruption by the 
switching elements, 

c) providing additional energy storage or dissipation 
means in the circuit. 


An example of the first alternative is to perform 
switching in the transformer secondary rather than in 
the primary or load circuits. Since the primary must 
ultimately be opened, it may be possible to interlock this 
operation so that the rectifiers are disconnected from the 
transformer before the primary is opened. 

A switch or fuse that does not interrupt or chop cur- 
rent too abruptly will in itself tend to limit transients to 
lower levels. This is the second alternative. This type of 
interrupting device will dissipate the stored circuit energy 
in its are. The following list can be used as a guide in 
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Measuring voltage transients across rectifier cells in common 
rectifier circuits. 
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Use of electrolytic capacitors for surge suppression on a-c 
systems. 


selecting switches for low recovery voltage. The list is 
based on laboratory measurements on samples of each 
type of switch on a 115-volt, 60-cycle circuit. The switches 
are listed in the order of increasing recovery voltage. 


a. Relays (lowest transients) 

b. Circuit breakers 

c. Snap-acting switches 

d. Mercury switches 

e. Vacuum switches (highest transients) 


The third alternative entails any number of various 
schemes for storing and dissipating the circuit energy 
dealt with below. 

@ Capacitors. Capacitive filters are probably the most 
commonly used suppressors for low-energy transients of 
the type shown in Figs. 1 through 7 and Fig. 10. Filters 
of this type should be placed across the input lines 
to the rectifier circuit, across the rectifiers themselves, 
or in double-way circuits directly across the d-c output 
terminais of the rectifier. Being in the d-c circuit, this 
last expedient permits use of electrolytic capacitors and 
in the case of a three-phase bridge, reduces the number 
of required capacitors from three to one. Since the a-c 
voltage component on a capacitor on the d-c side of the 
rectifier is much less than on the a-c side, a cheaper 
capacitor can be used because of less severe cyclical heat- 
ing on it. The effectiveness of a capacitor on the d-c 
output of a rectifier assumes that negligible inductance 
exists between the capacitor, the rectifier cells in the 
bridge, and the a-c line. Thus this approach is not valid 
for magnetic amplifier circuits. 

Figure 12 illustrates how the ripple voltage on a filter 
capacitor in an a-c system may be reduced by connecting 
the capacitor behind a double-way rectifier. Thus a single 
capacitor is effective in filtering transients that may occur 


171 





anima 
NVENTIONAL 

BRIDGE RECTIFIER 
CiaculT 


Regenerative voltage protection using silicon-controlled rec- 
tifiers. 


lransient voltage protection using silicon-controlled rectifiers. 


between any of the lines in a three-phase system. What 
would otherwise be 100 per cent ripple voltage on the 
capacitor is reduced to approximately 5 per cent and 
the economical energy storage capabilities of polarized 
electrolytic capacitors may be used to good advantage. 

Filter capacitors over approximately 0.1 pf should 
have series resistance to keep them from oscillating with 
distributed circuit inductance when shocked by a voltage 
wavefront. When connected across the a-c line, this re- 
sistance should be in the order of 5 to 20 times the rated 
load resistance of the circuit. Final selection of resistance 
should be based on experimental optimization. For ca- 
pacitors on the d-c side of the rectifier, 
sistance should be large enough to protect the rectifiers 
against the inrush charging current to the capacitor when 
the circuit is energized. The cell manufacturer usually 
provides resistor selection charts for capacitor input filters 
of this type. The minimum resistance requirement is a 
function of the capacitance, the supply voltage, and the 
rectifier cell characteristics (/*t). (4) 

Since any inductance in series with the filter capacitor 


the series re- 


will reduce its effectiveness in suppressing transient volt- 
ages, care should be taken to select resistors with mini- 
mum inductance. Carbon resistors are favored over wire- 
self-inductance 
should be used for the Same reason. Since the higher 


wound types, and capacitors with low 


values of electrolytic capacitors may have considerable 
inductive reactance at high frequencies, it often is helpful 
to shunt this type with a high-frequency capacitor (0.1 
1.0 nf) to handle these components of the transient. 
The size of capacitor required for a particular suppres- 
sion job is a function of many circuit parameters such as 
the load current level, the transformer characteristics, 
and the speed of interruption of the switch. Thus it is 
difficult to predict with any degree of accuracy the 
optimum size of capacitance. As with the other means 
of energy storage and dissipation discussed in the fol- 
lowing material, actual transient measurements on the 
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prototype equipment will determine the optimum values 
of filter elements required. 

The following equation has proved useful in selecting 
ample filter capacitance values for one of the most com- 
mon and severe sources of transient voltages, opening 
the transformer primary under no load or with inductive 


load: 
7 VA 
Ce 31 f (piv)? 
where 


C = filter capacity, farads 


VA = volt-ampere rating of transformer 


f = supply frequency 

piv peak transient voltage rating of each leg of the rectifier 

circuit 

For evenly distributing the hole-storage recovery volt- 
age transient across long series strings of rectifier cells, 
capacitors should be connected across individual cells. 
The required capacitor size depends on the difference in 
recovery time between rectifier cells. In any event, it need 
not exceed 

10 I, 
7 
Ww here 
C = maximum capacitance to distribute recovery transient 
within cell piv rating, uf 
amperes flowing through cell immediately preceding 
commutation 
= maximum recurrent piv rating of the cell, volts 
This value is conservative and can be reduced by ex- 
perimental optimization. 

Capacitors across individual rectifier cells in long 
series strings are also used to distribute the effects of 
steep voltage waveforms impressed on the circuit. Because 
of capacitance between cells and ground, inverse voltages 
with high rates of rise would otherwise tend to “crowd” 
across those rectifier cells furthest from ground elec- 
trically. (3) 

@ Linear and Non-linear Resistance. Ample resistive 
loading on the d-c circuit or across individual legs of 
the rectifier circuit also provides a means for dissipating 
stored circuit energy without driving the voltage up to 
intolerable levels. Care must be taken to keep inductive 
effects in the resistors to a minimum so that they may 
dissipate high-frequency components as well as lower 
ones. The disadvantage of the resistance loading approach 
is the inefficiency that it introduces to the overall circuit 
since these resistors dissipate substantial energy at normal 
voltage levels as well as during transient occurrences. 

In circuits where the rise-time of transient overvoltages 
is not excessive as in some regenerative types of load 
(Fig. 8), a voltage-sensitive relay may be used to connect 
a dynamic braking resistor when the d-c bus voltage rises 
to a predetermined level and to disconnect it when the 
overvoltage has subsided. 

Silicon carbide resistors such as Thyrite* reduce the 
efficiency problem at normal voltage levels by their non- 
linear characteristics. In this type of resistor, the current 
varies approximately as the 3.5 to 7th power of the 
voltage applied to the resistor. For a given application, 
a Thyrite resistor can be selected that will have a low 
current drain on the circuit at normal line voltages but 
will increase its loading effect rapidly as the voltage 
increases. 


* Registered trademark of Ge 
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In general, resistors will prove to be the most practical 
and economical solution in damping overvoltages caused 
by high-energy sources (such as overhauling motor loads) 
rather than relatively low-energy, switching transients. 

@ Silicon-Controlled Rectifiers. The recent develop- 
ment of the solid-state thyratron makes possible some 
interesting protective circuits that capitalize on the fast 
switching speed and high current-carrying ability of these 
semi-conductors. (7) Figure 13 illustrates a method by 
which controlled rectifiers may be used as a substitute 
for the dynamic braking contactor for regenerative loads 
as discussed in the previous paragraphs. A silicon-con- 
trolled rectifier in series with a current-limiting resistor 
R is connected across each of two of the rectifier legs 
adjacent to one of the a-c lines. Under normal operation, 
neither SCR1 nor SCR2 conducts and no energy is lost 
in the resistors. However, when the d-c bus voltage rises 
to a point determined by the avalanche voltage of the 
Zener diodes, SCR1 and SCR2 are fired, connecting the 
resistors across the bus. As soon as the d-c bus voltage 
drops below the a-c supply, SCR1 and SCR2 are cut off 
by the action of the a-c supply and return to their non- 
conducting state. 

Since controlled rectifiers switch into their highly con- 
ductive state in a matter of microseconds, they can be 
used for suppressing transient voltages with a much 
higher rate of rise than could be handled by electrome- 
chanical devices such as relays. Figure 14 illustrates a 
circuit that may be employed for general transient pro- 
tective service on a-c lines. When the line exceeds the 
avalanche voltage of the Zener diode, either SCR1 or 
SCR2 fires, depending on the polarity of the a-c line at 
that instant. Resistor R1l limits the current to the short- 
term surge capabilities of the controlled rectifiers. For 
the General Electric C35 controlled rectifier, Rl must 
limit the one-cycle peak current to less than 150 amperes. 
This loading effect on the circuit drops the transient 
voltage across line impedance. Alternation of the a-c line 
voltage turns off the current through the conducting 
controlled rectifier at the end of the cycle. 

@ Miscellaneous Methods. Several other transient- 
suppression means may be used to good advantage, de- 


The Case for Pump Servos in 
Machine Drive and Control Systems 


(Continued from page 163) 


the dynamics of the slide block and stroking mechanism 
(plus valve and amplifier). Amplitude was approximately 
20 per cent of full slide-block travel. As can be seen, both 
curves are essentially flat to 7 cps. 

In the assumed sharp-corner example, the required 
response would be equivalent to stroking the pump from 
neutral to full forward (or reverse) in 114 sec. Data on 
several different types of pumps show considerably faster 
step response. For pumps up to 200 hp, full forward to 
full reverse stroking times range from 14 to less than 1 
sec. 

Stroking time is influenced more by capacity of the 
stroking drive than the pump size. The more force avail- 
able to stroke the pump, the greater the frequency re- 
sponse of the pump. 
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pending on the application. Spark gaps may be used in 
high-voltage circuits provided the precautions outlined 
above under “Spark Gaps” are maintained. (8) With 
the advent of higher power ratings in Zener avalanche 
diodes, many interesting possibilities using these devices 
suggest themselves, particularly in lower-voltage circuits. 
Both the forward and reverse characteristics of selenium 
rectifiers have been used in arc suppression circuits for 
switch contacts. Silicon diodes can also be used as dis- 
charge paths for the energy stored in inductive circuit 
elements such as generator fields and magnetic brakes. 

Failure to recognize and to take proper action on volt- 
age transients has been a major hindrance to the rapid 
acceptance of semiconductor rectifiers. Equipment de- 
signs must take transient voltages into consideration if 
they are to capitalize on the greater reliability, improved 
performance and efficiency, and lower cost of these new 
components. O00 
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Borderline Case. So far this discussion has omitted 
the quadrant drive for keeping the roller heads perpen- 
dicular to the work. On the first machine built, pump 
servos were used for this function. Experience has shown, 
however, that the horsepower requirements could have 
been reduced and valve servos used instead. 

Conclusion. At power levels where efficiency favors 
the pump servo over the valve servo, the variable-displace- 
ment pump is likely to prove itself capable of faster 
response than the inertias of the machine masses will 
allow them to follow. Should machines of the future 
require better frequency response than present pumps 
can deliver, there is still much that can be done to increase 
the force-to-inertia ratios of the stroking drives. Oc 
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Curve Plotting 
To Test 
Semiconductors 


KENNETH G. SORENSEN 
Auuis-CHALMERS MANUFACTURING Co. 
Milwaukee, Wisconsin 


WITH THE INCREASING USE of semicon- 
ductor devices in the production of 
instruments and controls, there is a 
definite need for a fast, accurate pro- 
cedure for testing transistors, diodes, 
etc. to assure consistent performances. 
While there are many ways of making 
such tests, a “curve plotter” which 
provides a visual display of the various 
currents and voltages gives the best 
overall description of the device’s per- 
formance. 

Transistor Tests: Figure 1 shows the 
basic circuit of a curve plotter for 


$4 Voriac 


Fig. 2—-Schematic of test set-up for com- 
parison testing of two transistors at once. 
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Fig. 1 


testing a transistor with the transistor 
connected for common-emitter opera- 
tion. A half-wave rectified supply is 
connected to the collector as well as 
to the horizontal plates, H, of an 
oscilloscope. The vertical plates, V, of 
the oscilloscope are connected across 
a 100-ohm load resistor in the collector 
circuit. Since the voltage drop across 


- 


Basic transistor test circuit. 


the resistor is proportional to collector 
current, the trace on the scope is a 
plot of collector voltage vs collector 
current. 

The versatility of this basic curve- 
plotter circuit can be greatly enhanced 
by the introduction of some relatively 
simple modifications, as shown as in 
Fig. 2. This circuit permits the testing 
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Fig. 3—Calculation of current gain, 8, from scope presentation. 
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Fig. 4—Traces of collector voltage vs 
collector current for two values of base 
current, 


Fig. 5—Collector voltage vs collector 


current for two transistors with the 
same base current. 


lector current 


) 





Collector voltage 
Fig. 6—Determination of peak inverse 
voltage from trace of collector current 
vs collector voltage. 


Fig. 7—Characteristic curves for two 
Zener diodes used in determining Zener 
breakdown point. 
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of a single unit or the simultaneous 
testing of two n-p-n transistors, two 
p-n-p transistors, or one n-p-n and one 
p-n-p. A full-wave rectifier has been 
used instead of half-wave in order to 
keep the spot moving on the scope. 
This provision reduces the possibility 
of burning the screen with the elec- 
tron beam. A circuit configuration 
switch, Sl, has been added to provide 
for making various tests without remov- 
ing the unit under test from the setup. 
A d-c voltmeter in conjunction with a 
25-uf capacitor and a 1N91 diode pro- 
vide for reading the peak, rather than 
the average, voltage applied. 

With Sl in the position shown in 
Fig. 2, the unit is set up for a common- 
emitter circuit to measure the current 
gain, 8, which is the amount of change 
of collector current for a given change 
in base current at a constant collector 
voltage (Fig. 3). Photographs of typi- 
cal transistor characteristics obtained 
on a dual-beam scope are shown in 
Figs. 4 and 5. Emitter-to-collector leak- 
age current, 1,9, may be measured on 
the scope by removing the excitation 
from the base, applying a voltage to 
the collector, and reading the collector 
current. 

With the selector switch in position 
2, the transistors are connected in a 
common-base configuration. This is for 
determining current gain, a. A_ volt- 
age is applied to the collector, a small 
change is made in emitter current, and 
the change in collector current is noted. 
The ratio of the change in collector 
current to the change in emitter current 
is the gain. If the emitter circuit is 
opened and a collector voltage is 
applied, the collector-to-base leakage 
current, J¢g, may be read on the 
oscilloscope. If the voltage is increased, 
the peak inverse voltage, V,;,, may be 
read (Fig. 6). 

Position 3 of S1 provides a common- 
collector configuration. The common- 
collector current gain, y, may be com- 
puted by applying a voltage to the 
collector, making a small change in 
base current, and noting the change 
in emitter current. The ratio of change 
in emitter current to change in base 
current is y. There is an advantage to 
measuring common-collector current 
gain rather than common-emitter cur- 
rent gain in that, in the common-collec- 
tor circuit, the power dissipated in the 
transistor is independent of a. It should 
be noted that the current gain is de- 
pendent on the value of collector 
voltage and collector current selected. 

Testing Other Types of Devices. The 
same set-up may be used for testing 
conventional germanium and _ silicon 
diodes, Zener diodes, and varistors. To 
test either a germanium or silicon diode, 
place Sl in position 1 and connect the 
diode between E and C of the p-n-p 
section of the tester with the arrow on 


the diode pointing toward C. As the 
voltage is slowly increased across the 
diode, a very short horizontal line will 
first appear on the scope, increasing 
sharply as the diode begins to conduct. 
Care should be exercised not to exceed 
the current-carrying capacity of the di- 
ode. The diode may be reversed to check 
its peak inverse voltage rating. 

Zener diodes are tested in a manner 
similar to that used for conventional 
diodes. The dot end of the Zener diode 
should be connected to E and the other 
end to C. As the voltage is slowly in- 
creased, the curve will break sharply 
upward at the Zener breakdown point. 
Two Zener diodes may be compared by 
connecting them in both halves of the 
p-n-p section of the tester. Figure 7 
shows the characteristic curves of two 
7-volt Zener diodes. Varistors may be 
tested in a manner similar to Zener 
diodes. 

In the test set-up described here. 
logarithmic potentiometers were used 
in the base supply circuits to provide 


better control at high currents. O O C 


High-Force 
Thermostatic Actuators 


FAST THERMOSTATIC ACTUATION capa- 
ble of exerting forces of 30 to 250 lb is 
achieved by the “Vernatherm,” a prod- 
uct of Detroit Controls Division of 
American-Standard. The heart of the 
Vernatherm is a pellet mix of hydro- 
carbons (Fig. 1) which expands as the 
temperature increases. The pellet is 
separated from a cylinder in the body 
of the device by a molded synthetic-rub- 
ber diaphragm to which is attached a 
piston-like, oversize plug of similar ma- 
terial. As the temperature causes the 
mix to expand, the plug is forced into 
the cylinder. This extruding action mul- 
tiplies the movement of the plug to op- 
erate a valve disk, mechanical linkage, 


Opposing force plus 
piston-return loading 


/- Piston 


Guide 
Plug 
Iphragr 


Thermostat 
materia 
Fig. 1—Schematic diagram showing oper- 
ation of thermostatic actuator. At right, 
thermostatic material has expanded to 
force plug into cylinder and move piston. 
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electric switch, or any other mechani- 
cally operated device. 

A pressure spring surrounding the 
piston forces the return of the piston 
to its former position and the mix to its 
original shape when the element cools. 
lhe synthetic composition of the plug 
and diaphragm is stable with respect to 
compression, hydroscopic absorption, 
and ductility at sub-zero temperatures. 
The unit is unaffected by external 
changes in temperature or pressure and 
the operation is smooth throughout the 
full stroke with no chatter when there 
are quick fluctuations in temperature. 

A miniature Vernatherm can lift a 
30-lb load ¥% in., larger size can move 
250 lb % in., and experimental units 
have been developed to lift 2000 lb a 
distance of 1 in. Typical applications 
are in missiles and aircraft, internal 
combustion engines and appliances 
(Fig. 2). 000 


Fig. 2—Typical Vernatherm controls. 


lop, controlled by-pass thermostats; cen- 
ter, choke thermostat; bottom, pressure 
and temperature valves for aircraft ap- 
plications 
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Gasoline-powered light plant using a semi-brushless generator. 


Small Emergency 
Light Plant 
Is Self-Excited 


\ NEW PORTABLE, semi-brushless light- 
ing plant uses vertical slip rings and 
carbon brushes instead of the conven- 
tional commutator. An internal recti- 
fier assembly is’ used for changing a 
portion of the a-c output to d-c for 
excitation of the’ stationary field. The 
generator portion is so designed that 


Spark Ignites 
Burner Flame 


CONVENTIONAL automatic ignition sys- 
tems for gas-fired clothes dryers depend 
upon a pilot flame for the ignition of 
the main burner and provide an elec- 


all normal maintenance can be per- 
formed at the open end: slip rings and 
adjustable brush assembly as well as 
the rectifier are exposed when the 
sheet-metal end cover is removed. 

The 1700-watt, single-phase genera- 
tor is produced by the Katolight Cor- 
poration, Mankato, Minn. It delivers 
115 volts a-c when the two-pole, polar- 
wound armature is driven at 3600 rpm 
by the four-cycle gasoline engine. The 
lighting plant has a _ net 
weight of 115 Ib. 


complete 


tric “hot wire” or glow coil as the ig 
nition means for the pilot flame. Serv- 
ice records show that the pilot burner 
and its companion glow coil ignitor 
account for a disproportionate share of 
service complaints. 

An automatic direct-spark ignition 
system has been developed by Controls 


Fig. 1—Automatically controlled spark ignition system for the main burner of a 


gas clothes dryer. 
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complete 
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POWER 
SUPPLIES 
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120 standard voltage 
regulated power supplies 
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For complete specifications, 
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Company of America, Schiller Park, 
Ill., to eliminate these troublesome com- 
ponents (Fig. 1). A circuit diagram of 
the system is shown in Fig. 2. It is 
energized in the conventional manner 
through operation of the timer and 
thermostat. When these contactors are 
closed, the ignition transformer and 
main burner control valve are energized 
through the “cold” contact of the flame 
detector. This same circuit also en- 
ergizes the bimetal heater in the safety 
lock-out control. 

If the main burner flame ignites in 
the normal manner, the flame detector 
reacts to the presence of the flame and, 
in approximately 5 sec, switches to 
the “hot” contact. This de-energizes the 
transformer and discontinues the spark. 
The heater circuit is also opened and 
resistor R1 is placed in series with the 


Stepping Transistor 
For Pulse-Controlled 


Switching 


A p-n-p-n semiconductor element that 
can serve as the basic building block 
of a silicon stepping transistor has 
heen developed by the Bell Telephone 
Laboratories. Made of interconnected 
elements or fabricated on a single 
piece of silicon, it has potential appli- 
cation to digital computers, pushbutton 


Left, top view of Bell Telephone Laboratories’ stepping transis- 
tor structure, as fabricated on a single piece of silicon by oxide- 
masking diffusion techniques. Actual diameter of the device 
is 40 thousandths of an inch, Light and dark areas show the 
different electrically-active regions of the stepping transistor 


Ignition 


Tr 


“ transformer 


“Contact 


RI 





\ | Bimetal— 


' neater 
“ 


d 


Flame detector 


Optional 
dual valve 


Fig. 2—Schematic diagram of ignition system which contains many safety features. 


burner control valve to limit the cur- 
rent through it. With the current thus 
limited, any interruption in current 
will close the valve and it cannot then 
be re-opened until the flame detector 
contact returns to the cold position to 
short out Rl. 

If the flame fails to ignite when the 
circuit is first energized, the heater in 
the safety control will, in 20 sec, create 
a circuit around the burner control 
valve, causing it to close. The system 


dialing and switching. 

The four-terminal device acts as a 
pulse-controlled on-off switch. It may 
be used as a basic stage in building up 
certain logic circuits in digital compu- 
ters, such as for counting and decod- 
ing. By using one element to drive two 
others, versatile decoders can be made. 
4 more complex device, which is fab- 
ricated from a single piece of silicon, 
can also perform these logic functions. 
As a prototype arrangement, a stepping 
four ele- 
ments) has been made. 


transistor with stages (or 


The stepping transistor, as fabricated 


#38 > “ae 


structure, Lead wires are attached to the pie-shaped areas. 
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is then inoperative until the circuit is 
opened by the door or timer and the 
heater is allowed to cool off. During 
such a “lock-out” period, a_ spring- 
mounted, normally closed switch in the 
safety control opens periodically to pre- 
vent the continual build-up of heat and 
reduce the time required for the unit 
to reset. In normal operation, the sys- 
tem recycles through an ignition period 
for each call for heat by the thermostat 
or operation of the door switch. O O O 


on a single piece of silicon, performs 
the function of a complex circuit. Hence 
it is referred to as a “functional device.” 
The concept of a functional semicon- 
ductor device is a promising approach 
to microminiaturization. 

The stepping transistor itself is the 
result of work originated in 1954 by 
I. M. Ross of Bell Telephone Labora- 
tories. His object was to build a semi- 
conductor device that would function 
similarly to a gas stepping tube: a di- 
gital counter capable of carrying out 
at high speeds many of the same func- 
tions usually performed by complex 


= : 


Right, stepping transistor element mounted on a gold-plated 
Kovar header is shown here magnified many times. It may 
be used as a basic stage in constructing certain logic circuits 
of a digital computer. Leads are thermocompression-bonded 
to gold-silver alloy contacts. 
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No. 22D.C. Guardian’s “‘mighty No. 24 A.C. Midget Solenoid. 
midget’’. Only 34"x 34"x 11" size. = ; Only 114" x 1” x 7%". Stroke ranges 
Stroke ranges from l%” to %" wail from 1%" to 5 <” with lift over 19 
and lifts up to 24 ounces. cts ounces. Available for inter- 
Available D.C. voltage 7 mittent or continuous 
only for intermittent ieee Te ; dutyin anyA.C. volt- 
or continuous aoe aif age up to 230 
duty. V.A.C. 


No. 28 A.C. or D.C. MIDGET SOLENOID. 


Announcement of this new Guardian midget solenoid will be greeted 
with eager interest by design engineers. It is most versatile. 
Has tapered plug and plunger for greater power. 
Adjustable stroke 4” to 14”. Lift of over 41 
ounces. Only 1 14”x 1" x 134”. Available 
A.C. or D.C.; intermittent or 
continuous duty. 


Heavy Duty No. 4 D.C. A Guardian offers the most com- Heavy DutyNo.2A.C. orD.C. 
version of Guardian’sNo.4solenoid. plete, flexible and versatile line A new version of Guardian's well- 
Has added power liftupto9 pounds of solenoids ranging from known standard No. 2 solenoid hav- 
achieved by use oftapered plugand midgetstoheavydutylaminated ing greater power and much longer 
plunger, and special frame. Adjust- types and for intermittent or life expectancy well in excess of 15 
able stroke 14" to 34”. Available for continuous duty. Available with million ee Adjustable stroke 
continuous or intermittent duty with ‘‘Permaseal’’ encapulated coils 1%” to 34”. Lifts more than 95 ounces. 
D.C. voltages up to 110 V. D.C. and in D.C. units for 400 cycle Available for A.C. or D.C.; inter- 


operation. mittent or continuous duty. 


LARGE SELECTIONS of Guardian Solenoids are carried in stock by Franchised 
Electronic Parts Distributors in the U. S. and Canada. Write for the name of your nearby 
distributor and Bulletin SD-25. 
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circuitry or else (at low speeds) only 
by chains of relays and mechanical 
stepping switches. The gas stepping 
tube utilizes the bistable voltage-cur- 
rent characteristic of a gas discharge 
for its operation. Unidirectional trans- 
fer of voltage between its electrodes 

-one anode and several cathodes—is 
obtained by the nonsymmetrical geom- 
etry of the latter’s construction. 

The stepping transistor utilizes a p- 
n-p-n transistor as the bistable ele- 
ment. The design of the structure re- 
sults in a bistable voltage-current char- 
between a single common 
electrode and a set of multiple elec- 
trodes. Nonsymmetrical geometry is 
employed to obtain a unidirectional 
transfer of voltage. Also, unlike the gas 
stepping tube, close proximity be- 
tween stages is not basically required 
in the stepping transistor. This is why 
stepping transistor elements comprising 
single four-terminal stages can be sep- 
arately encapsulated and 
externally, 

The current level at which these de- 
vices are operated can be designed 
within the range of 1 to 100 milliamp 
with supply voltages of 10 to 100 volts. 
They have been operated at speeds up 
to one million pulses per sec. With 
improved designs, it is expected they 
O00 


acteristic 


connected 


will operate even faster. 


Semiconductor 
Advances Exploited in 
Generator Design 


ONE OF THE BIGGEST STEPS: forward in 
rotary-machine design since self-regu- 
lation was introduced has been made 
with the development of the brushless 
alternator, which has no commutators 
or slip rings—and therefore no brushes. 

A new alternator (Fig. 1) is the 
result of over three years’ extensive re- 
search by three Scottish engineers, J. C. 
Macfarlane and his sons, Dr. J. W. and 
W. I. Macfarlane, of Cathcart, Glasgow. 
Development work began when power 
semiconductors were first introduced. 
At that time, however, they could not 
carry the current, and the 
first step was to gather comprehensive 
information on semiconductors and test 
the more promising types. The result 
is an alternator which incorporates a 
new, but well proved, electrical design, 
including the latest advances in the 
field of semiconductor devices. 

The new machine has a very simple 
contro] system, the only external item 
being a small hand-operated rheostat 


necessary 
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which is provided to obtain any desired 
voltage within the range of the ma- 
chine, which will then regulate itself 
at that voltage within +11 per cent. 

As the moving parts have been re- 
duced to the combined rotor in its 
bearings, Fig. 2, all frictional surfaces 
have been eliminated. The resulting 
lack of wearing parts and the absence 
of copper and carbon dust, normally 
associated with brushes, greatly reduce 
maintenance costs. 

The alternator is of the revolving- 
field, non-salient-pole construction. The 
supply to the field is from an exciter 
which is in itself a small revolving- 
armature generator. The 
output from the exciter is fed directly 
to rectifiers which rotate with the shaft, 
Fig. 3, and the output of the rectifiers 
supplies the main alternator field. The 


thr ee-phase 


exciter field is supplied by a transistor 
pre-amplifier. 

Control is obtained by matching a 
quantity proportional to the alternator 
voltage against a stabilized reference 
voltage. Any error is amplified first by 
a transistor amplifier and then by the 
exciter. As a result, a very powerful 
correcting mmf is applied to the alter- 
nator field. 

The voltage feedback is obtained 
either from stator taps or from the out- 
put through a transformer. The result- 
ant a-c is rectified and the output is 
applied to a reference and comparison 
circuit which incorporates, as a refer- 
ence, Zener diodes operating in thei: 
breakdown reversed-voltage condition. 
These diodes have very high impedance 
to reversed voltage up to a specific 
value, when reverse impedance breaks 


Fig. 1—The Macfarlane brushless alternator is shown with flange ring for engine 


mounting. 


Fig. 2—The unit rotor assembly of the brushless generator includes 


rotating rectifiers. 


Ss 
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IN1191A 1.2V at 60 amps. 5.0 MA 
1N1192A 1.2V at 60 amps. 5.0 MA 
1N1193A , 1.2V at 60 amps. 5.0 MA 
IN1194A 1.2V at 60 amps. 5.0 MA 


1N1183A 1.1V at 100 amps. 5.0 MA 
r= Laide 1N1184A 1.1V at 100 amps. 5.0MA 
Pal —— 1N1185A 1.1V at 100 amps. 5.0MA 
Yq-28NF- 28 1N1186A 1.1V at 100 amps. 5.0MA 


at 150°C case temper- 
ature and rated PIV 


For full information and applications assistance, contact your Delco Radio representative. 1D cE LCO 


Newark, New Jersey Chicago, Illinois Santa Monica, California 


1180 Raymond Boulevard 5750 West 51st Street 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Portsmouth 7-3500 Tel: Exbrook 3-1465 FRA D I O 


Division of General Motors * Kokomo, Indiana yPELIAI 


> 440 --=— 1000 MAX 


DECEMBER 1959 Circle 181 on page 17 





DESIGN TRENDS 


down in avalanche form so that a large 
current can flow with practically no 
increase of reversed voltage. When 
operated at just above breakdown volt- 
age, the reference diodes maintain 
their voltage constant and the alter- 
nator voltage is matched against this 
constant quantity. 


Fig. 3—The rotating-field rectifier unit 
consists of six hermetically sealed silicon 
diodes, capable of operating over a wide 
temperature range. The rectifier mount- 
ing fins promote cooling. 


Design Note 


Control System 
Representations 


IRA RITOW 

Manager, Theoretical Analysis 
Amporne INSTRUMENTS LABORATORY 
A Division of Cutler-Hammer, Inc. 


Melville, New York 


THE CONTROL ENGINEER must be fa- 
miliar with basic control-system ele- 
ments in many forms. The control- 
system designer, the dynamic analyst, 
the analog-computer programmer and 
the instrument engineer use different 
terms and representations for the same 
device. The control engineer must speak 
all these languages. 

The chart on the following two pages 
presents seven basic control-system 
element classifications and their various 
common representations. The examples 
shown are typical, but it must be re- 
membered that the simple transfer 
functions shown may not suffice to rep- 
resent these example devices in a 
highly refined analysis. In each case, 
the subscript in indicates input and the 
subscript o indicates output (V = volt- 
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If the alternator voltage varies, the 
error is applied to a transistor ampli- 
fier which supplies a large correcting 
current to the exciter field. Any slight 
deviation from the controlled voltage is 
thus instantly corrected to within the 
control limits. Supply to the transistor 
amplifier is obtained from an auxiliary 
winding wound in one or two slots of 
the alternator stator on top of the arma- 
ture winding. This form of supply 
helps to reduce surge voltages on the 
transistors during transient action of 
the alternator. 

The transistor unit, together with the 
potentiometer unit, is mounted in the 
inlet air to the exciter on a common 
fin, having sufficient area to dissipate 
any losses and to reduce temperature 
drifts to a minimum (Fig. 4). 

By selection of the reference diodes 
in matched pairs, temperature varia- 
tions in the reference circuit can be 
eliminated. As there are no random 
varying elements, such as brush con- 
tacts in the latter part of the system, 
the whole unit is basically very stable 
under cold to hot changes and changes 
in ambient temperature. In addition, 
while the control circuit gives reguia- 
tion to within +114 per cent as stan- 
dard, further stages of amplification 
are easily applied to obtain still closer 
regulation limited only by the variation 
of the reference diodes. 

The rotating rectifier unit is of very 
simple construction. It consists of her- 


age, 9 = mechanical rotation, Q = flow 
rate, x = displacement, 7 = tempera- 
ture, F = force and K is the gain con- 
stant of the device). 

In the electronic analog computer 
equivalent circuits, the warped triangle 
represents the basic amplifier with a 
very high gain that is negative in sign. 
Blocks that show (—) include a sign 
change not shown in the transfer 
function. The analog-computer repre- 
sentation of a transit delay is not 
shown since it is very complex and 
there are many versions. An excellent 
discussion of these mechanizations is 
contained in Sections 7-8 of Analog 
Computer Techniques by C. L. John- 
son, McGraw Hill Book Company, 
New York (1956). 

The transfer functions shown are 
sometimes written with s instead of p 
as the Laplace operator. Either is 
correct. The Bode diagram plots gain 
in decibels and phase angle in de- 
grees against a logarithmic frequency 
scale. This causes many functions to 
be straight lines or to have straight- 
line asymptotes. 

The Nyquist diagram is a polar 
transfer function representation. The 


Fig. 4—The brushless alternator control 
unit is mounted in the inlet air on a fin 
having sufficient area to dissipate losses 
and to reduce temperature drifts. 


metically sealed silicon diodes, capable 
of operating over a wide temperature 
range, mounted on fins specially de- 
signed to facilitate cooling. The unit 
is mounted on the exciter shaft close 
to the incoming cooling air where, by 
virtue of its rotation and the motion 
of the air through the machine, it is 
blast-cooled. The unit is adequately 
rated for both voltage and current 
surges. O00 


arrow shows the direction of increas- 
ing frequency. The curve is the locus 
of the tip of a vector, centered at the 
origin, whose length and angle to the 
positive axis indicate magnitude and 
phase. In the case of the transit delay, 
the circle continues along the dotted 
line at high frequencies and retraces 
itself endlessly. 

The term “corner frequency” has 
meaning for only three of the transfer 
functions. In the case of the second- 
order system, @, is also called the 
“undamped natural frequency.” 

The term “time constant” applies 
only to the simple lead and simple 
lag systems and is equal to 7 in both, 
cases. 

(Continued on page 184) 


Note: This chart has been reprinted 
and is now being inserted in the com- 
bined reprint of the author’s recent series 
on “Automatic Control System Design.” 
For ordering instructions, see p 218. 
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HERE’S WHY.. 


HURLETRON 
DC PRINTING 
PRESS DRIVE. 


“Years of ex- 

perience with 

Bodine Motors 

in critical 

applications 

... plus the 
service of the Bodine Organi- 
zation, gives us assurance of 
satisfactory performance.” 
—Electric Eye Equipment 
Company. 


BECKMAN ANALYTICAL IN- 
STRUMENTS. “Bodine Motors 
are used in several of our pre- 
cision instruments where criti- 
cal specifications must be met 
and maintained. Twenty-four 
hour operation of our prod- 
ucts is commonplace.'’’—Beck- 
man Scientific and Process 
Instruments Division. 


3500 Standard Motors... 


SEEBURG SELECT-O-MATIC. 
“We require a motor that is 
quiet and free from vibration 
...and gives years of unin- 
terrupted service in the field. 
Bodine Motors have satisfied 
all of these requirements for 
years.’’—M. W. Kenney, 
director of engineering, The 
Seeburg Corp. 


KAY-CROSS OXYGENATOR. 
“The oxygenator must be of 
the utmost reliability since it 
takes the place of the lungs 
during critical surgery. We 
chose a Bodine Motor because 
of the high quality standards 
required. They have satisfied 
our needs very nicely.’ — 
Pemco, Inc. 


300 Stock Motors 


When you're developing a new or improved 
product, consult a Bodine motor application 
engineer. One of Bodine’s 3500 standard 
motors is almost certain to suit your exact needs. 
And 300 different types and sizes are carried 
in stock... ready for immediate shipment. 
Request Bulletin S-1 or see our catalog in 
Sweet's Product Design File. 


Bodine Electric Company, 


SOD NE 


fractional 


horsepower 


MOTORS 


f BODINE 
2506 West Bradley Place, Chicago 18, Illinois << 
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The leading manufacturers in their field 
power their products with Bodine Motors 


REMINGTON RAND AUTO- 
MATIC CALCULATORS. ‘‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet this requirement 
without excessive temperature 
rise... and they're excep- 
tional for reliability and per- 
formance.” — B. H. Tingley, 
development engineer, Rem- 
ington Rand. 


GRASS OSCILLOSCOPE RE- 
CORDING CAMERA. ‘The 
Bodine Motor you designed 
for us far exceeds the perform- 
ance of a competitive motor. 
We have used Bodine Motors 
for 24 years... and many 
motor application problems 
have been solved with the aid 
of your engineers.'’—Grass 
Instrument Co. 


Other applications for Bodine Motors: 
vending machines, communication 
equipment, sound recorders, auto- 
matic scales, respirators, voltage 
regulators, X-ray timers, traffic sig- 
nal timers, stirrers, sanders, letter 
openers, envelope sealers... plus 
many, many other applications. 


...the power behind the leading products 


183 








Type of element Amplifier 


Integrator 





Examples of devices that can 
be approximated by this 
element in a system analysis 


Electsonic analog computer 
equivalent circuit 


Transfer function 


Frequency response in 
complex form 


Bode diagram 
(gain only) 


a $ xt Sy 


Cylinder and piston 


D-C motor 





Bode diagram 
(phase only 


Nyquist diagram 
(— shows direction of 
increasing frequency) 


Corner frequency, rad ‘sec 
Gain at CF 
Phase shift at CF, deg 


At 0 frequency, Gain 


Phase shift 


At 1 rad/sec, Gain 
Phase shift 


At © frequency, Gain 
Phase shift 


Characteristic equation 
relating input to output 


Response of output to unit 
step input at time t=a 
(dotted lines are asymptotes) 
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Differentiator 


Electric tachometer 
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Speed sensor 


needed for noise 
yntrol although presence 
makes differentiator imperfect 
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Simple lead Simple lag Second-order system Transit delay 
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Materials and Techniques for 
High-Temperature Electrical Connections 


(Continued from page 113) 


With proper control of these variables, however, good 
welds can be made. The burning and vaporization of the 
bonding material under the weld nugget is a serious 
drawback; the effect may cause the circuit pattern to 
“lift” from the board. The use of a high-temperature cir- 
cuit board with an increased thickness of copper has not 
helped in the solution of this problem. Investigations are 
underway on circuit boards that will not vaporize; for 
example, ceramic boards with plated-copper circuits. A 
welded connection on this type of ceramic board should 
considerably extend the service temperature of printed 
circuits. 

Although not fully developed at present, the percussion 
welding method shows promise for high-speed automated 
assembly and is adaptable to many applications. As in 
flash welding, the parts to be joined function as electrodes. 
First, a wire is connected to each side of a capacitor, 
then the two wires are brought together within a few 
thousandths of an inch. The resulting capacitance dis- 
charge initiates an arc that heats both wires. One wire 
is then impacted against the other and held in place under 
pressure until it cools. This fast and reliable method can 
be used to make joints between dissimilar metals and 
metals of high thermal and electrical conductivity. 

In ultrasonic soldering, ultrasonic vibration is em- 
ployed to cleanse the surface or parts to be joined. In 
ultrasonic welding, elastic vibratory energy is used to 
produce solid-state metallurgical bonds with negligible 
generation of heat and only slight external deformation. 
The pieces to be welded are clamped at low pressure be- 


Aluminum—lIts Electromechanical 
Function in Design 


(Continued from page 123) 


the alarmingly high accident rate, is placing impetus on 
a method of automatic driving for super highways. The 
system employs a radar guidance line which can be an 
aluminum foil strip or an aluminum-paint strip reflector. 

@ Tube-In-Sheet. This special sheet material, contain- 
ing collapsed tube-like passages which may be expanded 
by air or water pressure after fabrication, offers interest- 
ing design possibilities: radiators of all types, trans- 
former cases, lube oil coolers, refrigerator shelves or 
compartments. Advantages to be gained would be sig- 
nificant manufacturing economy and reduced space con- 
sumption or smaller overall bulk. 

e Battery cable. Main obstacle in the way of the 
aluminum battery cable is joining of the cable to the 
terminal lug on a mass-production basis. When this prob- 
lem is solved, considerably more economical and light- 
weight cable will bé-avaiiable. 

e@ Brazing. A brazing technique with aluminum, com- 
parable in ease to the carbon-block brazing technique 
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tween two “sonotrodes” and vibratory energy is intro- 
duced for a period of only 1 to 3 sec. Both similar and 
dissimilar metals can be welded by this method, includ- 
ing aluminum, copper, silver, magnesium and stainless. 
The thickness of the upper member of the welded unit 
must be in the range of 0.0015 to 0.040 in. The lower 
member may be of equal thickness or thicker. Although 
there are certain specialized applications for ultrasonically 
welded electrical connections, this method should not be 
used unless other methods prove inadequate, since the 
cost of installation and the high operating skills required 
are limiting factors. 

Carbon-are welding provides an outstanding method 
for making high-temperature electrical connections. An 
arc is used to fuse together the ends of the component 
parts to form a round nugget. Welds can be made 
quickly and are easily inspected. The number, size and 
composition of elements that can be welded are extremely 
broad so that carbon-arc welding is applicable to almost 
any electrical connection. The basic requirement is that 
the parts to be welded must be in an upright position. 
The nozzle of the welder must contact the work to com- 
plete the welding circuit. 

An important factor to be considered when specifying 
welded connections is the effect on the surface of the 
parts. Protective plating in the area of the weld may be 
impaired on such materials as copper or certain copper- 
clad alloys may be deformed. Usually, correct procedure 
can minimize or overcome these problems. 


Summary 


The preferred methods for making electrical connec- 
tions for high service temperatures are soldering or weld- 
ing. Soldering alloys are available for use up to 500 F. 
For temperatures above this level, resistance spot or 
carbon-are welding will fulfill most of the requirements. 
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employed with copper, needs to be found. If this is done, 
major economy in manufacture of aluminum electrical 
components will be possible. 

e@ High-Temperature Operation. Laboratory investi- 
gations to discover economical insulations for aluminum 
that will withstand higher-temperature service will make 
aluminum available for various combined conductor- 
structural uses at higher temperature ranges. Mechanical 
components may be fabricated from special high-tempera- 
ture materials, some of which would be formed from 
powder-metallurgy semi-fabricated forms, some from 
new high-temperature alloys. 

e@ Clock-Motor Parts. The plates for electric clock 
motors are usually more critical than those used for the 
gear trains due to higher rotating-shaft speeds. The 
tolerances on hole size, finish and flatness of sheet are 
critical since they have a definite bearing on the final 
performance. If the plates can be fabricated at high speeds 
satisfactorily, experience and experimental life tests have 
shown that service performance is satisfactory. Alloys 
for this application have varied from 1100 to 6061, the 
final selection depending upon which alloy will fabricate 
best with tools on hand and the tolerance requirements 
that must be met. 

Rotor cages are stamped and drawn from flat or coiled 
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This new Square D roller-plunger plug-in limit switch 
is built for rugged machine tool applications—de- 
signed for cam-type operation and not restricted to 
direct, in-line approach of the actuator. Uses same 
field-proven precision switch mechanism as roller- 
arm type for long reliable operation. Moreover, it 
provides these important features: 

Micrometer adjustment for fine adjustment of the 
roller after the switch has been mounted and wired. 
14" movement of the roller plunger eliminates expen- 
sive cam shimming and adjustment. 


Operating direction can be changed 90° for added 
flexibility. Roller plunger can be set either parallel 
or perpendicular to the base. No tools required. 


Cam-type operation is possible because of the con- 
struction of the plunger assembly. 


LIMIT SWITCH 


"fxoluswe 


MICROMETER 


Oil-tight construction for all machine tool applica- 
tions. 


Plug-in construction - Switch plugs in—in seconds. 


Easy wiring because all wiring can be done without 
removing from box. 


Reversible plug-in unit can be positioned with roller 
plunger at either top or bottom. 


Write for Bulletin 9007 AW. Address Square D Company, 
4001 North Richards Street, Milwaukee 12, Wisconsin 


ECaM HEAVY INDUSTRY ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


UGG ian 


COMPANY 
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sheet. Flatness is important, but other tolerances are not 
critical. For this application, 3003 and 5052 are com- 
monly used alloys. 

Motor covers are drawn from flat or coiled sheet. They 
are usually joined by soldering or resin bonding to one 
of the plates to permanently seal the gear train in lubri- 
cating fluid. Alloys 3003 and 5052 can be used for this 
application. 

@ Meters. Most of the general types of fluid meters 
used today register amounts, speeds, etc. through a gear 
train called the “index”. Certain of these gears have their 
shafts extending through the index plate, with indicating 
hands or dials affixed which record or register consump- 
tion. Aluminum index parts can show a distinct superior- 
ity over brass or other copper bearing alloys in salt-water 
and other corrosive atmospheres, in addition to their 
weight advantages. ooo 


NEMA to Reorganize into Eight 
Semi-Autonomous Divisions 


(Continued from page 131) 


refrigerators and freezers, dishwashers, water heaters, electric 
houseware, pans, and electric house-heating equipment. 


Lighting Equipment Division 


Aviation ground-lighting equipment, floodlighting, industrial 
and commercial lighting equipment, and street lighting. 


industrial Equipment Division 


Industrial control, motors and generators, large generating and 
converting apparatus, renewal parts, commutators, carbon prod- 
ucts, manufactured graphite products, arc-welding equipment, 
electrical contacts, industrial automatic systems, automatic 
temperature controls, adsorption equipment, industrial heating 
units and devices, mining belt conveyors, and mining and 
industrial locomotives. 


Building Equipment Division 


Wiring devices, molded-case breakers, switch and enclosed 
breakers, busway, panelboard and distribution board, fuses, 
plastic outlets and switchboxes, bituminous conduit, conduit 
fittings, rigid steel conduit and electrical metallic tubing, and 
steel underfloor raceway. 


Insulating Materials Division 


Electrical glass insulation, laminated products, manufactured 
electrical mica, varnished fabric and paper, varnished tubing 
and saturated sleeving, and vulcanized fiber. 


Wire and Cable Division 


Armored cable; paper power cable; building wire and cable; 
rubber, thermoplastic and varnished cambric cable; high- 
temperature insulated wire; flexible cords and magnet wire. 


Generation Transmission and Distribution Equipment Division 


Capacitors, dry-process electrical porcelain, hydraulic turbines, 
steam and gas turbines, lighting protective devices, pole and 
transmission line construction materials, switchgear, trans- 
formers, specialty transformers, high-voltage insulators, and 
electrical measuring equipment. 


Industrial Electronics and Communications Equipment Division 


Telephone equipment, signalling apparatus, X-ray equipment, 
power rectifier equipment, power semiconductor components, 
dry batteries, and electrical indicating instruments. 


Motor & Generator Section Reorganizes 


Concurrently with the decentralization of the overall 
NEMA structure, the Motor & Generator Section has been 
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reorganized into several product groups s as to leave 
decision-making power in specialists’ hands rather than 
in one broad body. The officers of the section and the 
newly formed groups are as follows: 

e Motor & Generator Section officers: chairman, R. G. 
Liebmann, commercial manager, U. S. Electrical Motors, 
Inc., Milford, Conn.; vice chairman, P. W. Arnold, manager 
of market services, Reliance Electric & Engineering Co., 
Cleveland, Ohio; chairman, Technical Advisory Committee, 
C. W.: Falls, senior engineer, Medium A-C Motor and 
Generator Dept., General Electric Co., Schenectady, N. Y. 

e Fractional-Horsepower and A-C Integral-Horsepower 
Group: chairman, J. A. Kutz, sales manager, Peerless Div- 
ision, H. K. Porter Co., Inc., Warren, Ohio; vice chairman, 
C. P. Anderson, assistant sales manager, Electrical Division, 
Wagner Electric Corp., St. Louis, Mo.; chairman, Technical 
Advisory Committee, I. M. Levy, staff engineer, Large 
Electrical Products, Delco Products Div., General Motors, 
Dayton, Ohio. 

e A-C Large Apparatus Group: chairman, V. J. Eagan, 
product sales, Motor & Generator Dept., Allis-Chalmers 
Manufacturing Co., Milwaukee, Wis. 

e D-C Large Apparatus Group: chairman, C. E. Scott, 
sales manager, Large Rotating Apparatus Dept., Westing- 
house Electric Corp., East Pittsburgh, Pa. 

e D-C Integral-Horsepower Group: chairman, W. F. 
Oswalt, general manager, D-C Motor & Generator Dept., 
General Electric Co., Erie, Pa.; vice chairman, E. C. Barnes, 
chief engineer, Reliance Electric & Engineering Co., Cleve- 
land, Ohio; chairman, Technical Advisory Committee, R. P. 
Griffenhagen, manager, D-C Motor Engineering, Westing- 
house Electric Corp., Buffalo, N. Y. 

e Atomic Applications Group: chairman, L. G. Hauser, 


sales manager, Westinghouse Electric Corp., Cheswick, Pa. 
Oo0o°o 


Learn how you may 
solve more engineering problems 
with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by 
engineer-teacher Ira Ritow offers a really 
practical treatment of the theory and use of 
the engineer’s prime computing instrument, 
the slide rule. It includes well-illustrated 
instructions for the use of all conventional 
slide-rule scales and the circular rule. Over 
50 step-by-step examples of slide-rule set- 
tings applicable to engineering problems. 


Reprint copies of the complete article with 
practice card cut-out slide rules are avail- 
able at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 
cents each. See handy Order Form on page 
218. 
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Use Armco’s Special Electrical Steels 
to step up performance and cut costs 


Audio and TV Transformers 
High Impedance Devices 


USC RCIM Scrvocmechaniems 


High Frequency Generators 


Large Motors and Generators 
Induction Regulators 


METVGURER Cg "2 eitoncy Motors 


Watt-hour Meters 


These Armco-pioneered electrical steels offer unique Design Data Available 
combinations of properties that give you both design Put the unusual magnetic and fabricating properties 


and production advantages. of these special Armco Electrical Steels to use in your 


TRAN-COR® A-6 provides exceptionally high 


permeability at low and moderate inductions, reason- 


products. Just fill out and mail the coupon for ex- 
tensive design data that will help you use them most 


. vee ’ : effectively. 
ably uniform properties in all directions, low core loss 


and adequate ductility. It’s available in coils or cut 
NS CaN Le 


WG) 
or special Armco insulations. Armco Steel Corporation ene 
3299 Curtis Street, Middletown, Ohio 


| 
! 
eo 


lengths, in 29 and 26 gage, with or without standard 


DI-MAX® M-15 is a low core loss grade with 
7 . Th 3 7 Send me design data on 
uniform high ductility for punched laminations of [) Armco TRAN-COR A-6 1 Armco DI-MAX M-15 
any size and shape. At high inductions its permeabil- 
ity is better than that of standard M-15, and its flatter, 
smoother surface assures a high lamination factor. Company 
Available in coils, DI-MAX M-15 has uniform gage Di ccicnccinsteiineniperesin , 


and annealed ductile welds that facilitate punching 


a ee ee ee ee SS 


and core assembly. 


ARMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company » Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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ARMAG- PROTECTED 
DYNACOR® 
BOBBIN CORES 
AT NO EXTRA COST! 


Tough-as-tortoise-shell Armag ar- 
mor is an exclusive Dynacor de- 
velopment. It is a thin, non-me- 
tallic laminated jacket for bobbin 
cores that replaces the defects of 
nylon materials and _ polyester 
tape with very definite advantages 
—and, you pay no premium for 
Armag extra protection. 

Tough Armag is suitable for 
use with normal encapsulation 
techniques on both ceramic and 
stainless steel bobbins. It with- 
stands 180°C without deteriora- 
tion—is completely compatible 
with poured potted compounds— 
has no abrasive effect on copper 
wire during winding—fabricates 
easily to close-tolerance dimen- 
sions—inner layer is compressible 
to assure tight fit on bobbin—does 
not shrink, age or discolor. 

Write for Engineering Bulletins 
DN 1500, DN 1LO000A, DN 1003 
for complete performance and 
specification data covering the 
wide range of Dynacor low cost 
Standard, Special and Custom 
Bobbin Cores—all available with 
Armag non-metallic armor. 


* TRADEMARK 


DYNACOR 


DYNACOR, INC. 


A SUBSIDIARY OF SPRAGUE ELECTRIC (CO. 
10431 METROPOLITAN AVENUE * KENSINGTON * MARYLAND 
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Association Activities 


Military Electronics 
Papers Sought 


The Fourth National Convention on 
Military Electronics, to be held at the 
Sheraton-Park Hotel, Washington, 
D. C., June 27-29, will have a technical 
program including both classified and 
unclassified sessions. Papers presenting 
original work in military electronics 
are invited on the following topics: 
current problems of space technology, 
space electronics, ranging and track- 
ing, electronic propulsion, data-han- 
dling systems, reliability, guidance and 
control, inertial systems, reconnais- 
sance systems, communications systems, 
perations analysis and other topics in 
the military electronics field. 

Prospective authors should submit, 
not later than February 1, three copies 
of a 250-word abstract of the proposed 
paper to Dr. Craig M. Crenshaw, Dept. 
of the Army, Office of the Chief Signal 
Officer, R & D Div., SIGRD-2, Wash- 
ington 25, D. C. Each author should 
obtain appropriate company and mili- 
tary clearances for his abstract. 


Thermal Insulation 
Group Formed 


An Insulation Information Center, for 
consultation by industry on thermal 
insulation characteristics, application 
techniques, and specifications, has been 
established by the newly formed Na- 
tional Insulation Manufacturers Asso- 
ciation, 441 Lexington Ave., New York 
17. NIMA represents companies who 
belonged to two organizations now dis- 
solved: Industrial Mineral Insulation 
Manufacturers Institute and Magnesia- 
Silica Insulation Manufacturers Asso- 
ciation. 


NEMA and EIA Announce 
Integrated Semiconductor 
Program 


The two major trade associations with 
mutual interests in the semiconductor 
industry have integrated programs to 
provide broader coverage in technical 
standards and marketing data for 
manufacturers and users. 

NEMA’s semiconductor activities will 
encompass rectifiers and _ controlled 
rectifiers, while EIA will cover diodes 
and transistors generally used in sig- 
nalling and low-level switching appli- 
cations. Power transistors are divided 
between the two associations’ product 
scopes. The two associations are cur- 


rently involved in a joint standardiza- 
tion program which is conducted 
through the Joint Electron Device Engi- 
neering Council, an organization fi- 


nanced jointly by EIA and NEMA. 


ISA Awards Citation 
Dr. Arnold O. Beckman has_ been 


awarded a lifetime honorary member- 
ship in the Instrument Society of 
America by its executive board in 
recognition of a “long and _ distin- 
guished career” and “continuing con- 
tributions to science, industry and 
education.” The founder-president of 
Beckman Instruments, Inc., developed 
the first commercial pH meter for a 
University of Illinois classmate who 
wanted a practical device for determin- 
ing lemon-juice acidity. Dr. Beckman’s 
contributions to instrumentation include 
development of a quartz spectrophoto- 
meter. 


ASME Elects President 


Walker L. Cisler, president of the De- 
troit Edison Company, has been elected 
president of the American Society of 
Mechanical Engineers. Mr. Cisler will 
begin his duties at the business meet- 
ing on November 30 at the ASME An- 
nual Meeting in Atlantic City and will 
serve for a one-year term. 


ASTM Proceedings Published 


The American Society for Testing Ma- 
terials has announced the publication 
of its 1958 “Proceedings,” Volume 58. 
The 1430-page volume, recording the 
technical accomplishments of the year, 
includes reports and technical papers 
together with discussion offered to the 
society during the year. The volume 
includes the Summary of Proceedings 
of the ASTM 6lst Annual Meeting, list- 
ing by title and author the programs 
for each session. Copies of “Proceed- 
ings” may be obtained from the Ameri- 
can Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa., at $12.00. 


NEMA Section Chairman 
Reelected 


G. R. Spriggs, consultant for the C. S. 
Brainin Company, has been reelected 
chairman of the Electrical Contacts 
Section of the National Electrical Man- 
ufacturers Association. Mr. Spriggs also 
was renamed chairman of the Section’s 
Statistical Committee. 
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® 
a product improves 


performance—longevity while costs are lowered. 


This is why more and more manufacturers build Franklin Electric 


Motors into their finest, best-selling, powered products 


UNISEAL MOTORS 


Built-in seal 
cavity permits 
close-cou, ‘ing 
pump to motor. 


Product dependability is never com- 
promised when Franklin application- 
engineering cuts costs. Fewer parts, less 
weight, reduced assembly time are typi- 
cal reasons Franklineering pays. 


FRANKLIN’S APPLICATION-ENGINEERING 
CAPABILITY IS BASED ON EXPERIENCE IN 
MANY PRODUCT AREAS... 


Franklineering eliminated a large cast- 
ing, a stub shoft extension, four bolts, 
and saved tubing, fittings and wiring in 
the water pump at left. 


DRINK DISPENSERS 


DISPENSER MOTORS 


Small pump 
unit mounts 
on the motor. 


Franklineering eliminated a belt, sub- 
base and open couplings; and reduced 
assembly time. Resilient mount stopped 
noise in machine shown. 


POWER SAWS 


LO-SHAFT MOTORS 


Bosses permit 
precision trunnion 
mounting. 


HI-TORQUE FARMOTORS 


Integral ratings 
have full-power 
start capacities. 


Franklineering reduced shaft height, 
maintained high torque for direct mount- 
ing. Controls sealed against dirt in motor- 
mounted box illustrated. 


FARM APPLIANCES 


Franklineering provided totally-enclosed, 
heavy duty motors for close-coupling on 
feed mill pictured. Same motor also 
powers other farm equipment. 


INST-O-VERSE tb vy HOSPITAL BEDS 


GEAR MOTORS 


Available 

in output 
shaft speeds 
needed. 


Franklin Electric Co., Ine. 


BLUFFTON, INDIANA 
HOME OF DEPENDABLE ELECTRIC MOTORS 
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Franklineering originated new _ instant- 
reversing mechanism with arcless switch 
to meet UL approval for hospital environ- 
ment. Motor shown has 3 output shafts. 


WRITE FOR CATALOG . “3 Met... 
Contains cost-cutting ideas > 
to interest performance- 


minded product designers... 





Hoffman 


OIL-TIGHT 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


WALL MOUNTED, 
in 18 stock sizes. 


PLOOR MOUNTED, 
in double door or 
multiple door 
units —11 

stock sizes. 


JIC 
NEMA 12 
PANEL ENCLOSURES 


Ideal for housing electrical controls. 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 

welded construction. No 

holes or open seams. 
Alsoavailablein NEMA 

types 1, 3, 4 and 5. 


Jic 
WIRING 
BOX 


Heavy gauge 

steel, welded 
: seams. No knockouts or holes to 
leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4"x 4"x3” to 16”x 14’x6". 


PUSHBUTTON 
ENCLOSURES 


A complete selection 

of types and sizes. 

Fine quality con- 

struction and finish. 

Welded seams. Cover 

has neoprene gasket. 

Holes take any 

standard oil-tight 

pushbutton. Types 

range from ‘“Stand- 

ard” as shown, to Extra Deep, Slim 
and Pendent. For one to 25 pushbuttons. 


OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 


a4 
Perfect protection tor 
control wiring. Neoprene gasket 
on cover and between joints seals 
out liquids and dust. Easy to assemble. 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 2144"x 214”, 
4”x 4” and 6”x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc. 


We also build enclosures fo customer specifications 


mH ENGINEERING 


CORPORATION 
Dept. EM-126, Anoka « Minn. 
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Calendar of Meetings 


DECEMBER 
SMtTWwtF Ss 


Nov. 30-Dec. 4—27th Exposition of 
Chemical Industries, New York 
Coliseum, New York City. 


Dec. 1-2—Fourth Midwest Sym- 
posium on Circuit Theory, Mar- 
quette University, Milwaukee, Wis. 


Dec. 1-3—Eighth Annual Wire and 
Cable Symposium, Berkeley-Carteret 


Hotel, Asbury Park, N. J. 


Dec. 3-4—IRE Professional Group 
on Vehicular Communications, An- 
nual Meeting, Colonial Inn and 
Desert Ranch, St. Petersburg, Fla. 
Dec. 8-10—-Second National Con- 
ference on the Application of Elec- 
trical Insulation, Shoreham Hotel, 
Washington, D.C. 


Dec. 14 —-Eastern Simulation Coun 
cil on “Automatic Control in the 
Process Industry,” Leeds and 
Northrup Corp., Philadelphia, Pa. 


Jan. 11-13-—-Sixth National Sym- 
posium on Reliability and Quality 
Control (program for wives planned 


Plus or Minus 


(Continued from page 16) 


“those inventors who have preferred the 
claims of truth to the gifts of fortune.” 
—A.M.H. 


Reading Tasks, Noise and the 
“Intellectual” Engineer 


“Literature search and data retrieval” 
may be currently a problem for the de- 
signer of special data-processing ma- 
chines, but for the working engineer 
the problem resolves itself to the un- 
glamorous chore of reading what has 
been searched and retrieved. It may be 
perhaps cogent to summarize here some 
of the work on reading and memory, 
and on the selection of printing types 
in scientific journals, published by the 
Medical Research Council, Applied 
Psychology Unit, Cambridge, England. 
(These reports appear in the APU 
publication, Human Performance, Prog- 
ress Report No. 5, Summer 1959 issue.) 
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also), Statler-Hilton Hotel, Wash- 
ington, D.C. 


Jan. 26-27—Third Annual Meeting 
of the Society of Vacuum Coaters, 
Hotel Biltmore, New York City. 


Feb. 1-4 American Society of 
Heating and Air-Conditioning En- 
gineers, Annual Meeting, Baker 


Hotel, Dallas, Texas. 


Feb. 2-4—Society of the Plastics 
Industry, Reinforced Plastics Divi- 
sion, Fifteenth Conference, Edge- 
water Beach Hotel, Chicago. 


Feb. 3-5—-IRE Professional Group 
on Military Electronics, Winter 
Meeting, Ambassador Hotel, Los 
Angeles. 


Feb. 10-12—-Solid State Circuits 
Conference (sponsored by AIEE, 
IRE, University of Pa.), University 
of Pennsylvania, Philadelphia. 


Feb. 25-26—Scintillation Counter 
Symposium (sponsored by AEC, 
AIEE, IRE, NBS), Washington, 
D.C. 


e “Time for Reading and Memory” 
(E. C. Poulton): This report on silent 
reading is concerned with (a) the rate 
of comprehension, (b) selection while 
reading, and (c) the rigidity of pacing 
while reading. Subjects studied 144 short 
statements under one of three degrees of 
pacing. In different sub-conditions, 1.0 min. 
was allowed for an average of every 293, 
146, 73 or 37 words. In one variation, the 
reader was instructed to pay attention only 
to the 18 per cent of statements connected 
with a selected subject. In another varia- 
tion, the time for study was fixed at 3.0 
min., and the number of statements was 
reduced accordingly (shortened condition) . 

Reading at about 146 wpm was found to 
give significantly better comprehension of 
the individual statements than reading 
at about 293 wpm. Between the rates of 
presentation of 37 and 293 wpm, substance 
memory varied approximately as the loga- 
rithm of the time available per statement. 
After the 3.0 min. of study in the shortened 
condition, about the same number of state- 
ments could be remembered in substance 
or recognized whether 293 or only 73 words 
had to be studied per min. Selection tended 
to improve memory for the selected state- 
ments and to reduce memory for the re- 
mainder. When 1.0 min. was available for 
every 146 words, rigid pacing gave sig- 
nificantly better memory soon after study 
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NOW...Selenium rectifiers 
with an unlimited life span! 


gf, 7 Tray 


UMC NISC CULT 
NO ARTIFICIAL BARRIER LAYER 


plus UTA MO CIAO MIP Cle CMC MIT I MONG a LOTT AS 


¢ lower forward voltage drop « no sudden failures * no special 


protective devices required » smaller size « operate in 


parallel or in series without special precautions 


Tri-Amp is a new and completely different concept in selenium. No artificial barrier layer of any 
kind is used, thus eliminating the cause of aging and high voltage drop. Result is the finest rectifier 
ever made. 


Rectification in the Radio Receptor Tri-Amp is accomplished through a P-N junction formed by 
a closely controlled diffusion process involving the use of cadmium-selenide and tellurium. We'll 
be glad to send you more complete information on this important development. Write today to 
Section EM-3. 


eeALLy 


RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 
240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC 
MANUFACTURING DIVISION, RADIO RECEPTOR CO., INC., MICAMOLD ELECTRONICS 
MANUFACTURING CORPORATION AND HARRIS TRANSDUCER CORPORATION (SUBSIDIARIES) 
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than loose pacing. But when 1.0 min. was 
available for every 37 words, pacing had 


FRIDEN MODEL SRW... no effect on memory. 


e “Effects of Printing Types and Formats 
on the Comprehension of Scientific Jour- 
nals” (E. C. Poulton): An experiment was 
vl a carried out to determine the relative com- 

prehensibility in scientific papers of four 
different styles of printing. Two passages 
of 1150 words were written in the form 
of a scientific paper, but without title, 
subheadings, summary or tables, etc. Both 
passages were printed in all four styles. 
Each experimental subject read one pas- 


does a problem that once sage printed in one style, and the other 


passage printed in another style, according 
. . to a balanced statistical design. Four 
was tedious, complex minutes were allowed for reading a pas- 
sage, and this was followed at once by a 
test of comprehension. Altogether, 275 
scientists acted as subjects. 
Eleven-point Modern Extended No. 1 
type, set in a single column of 5.2 in. with 
| 2-point leading, was found to be consider- 
SQUARE ROOT | ably easier to comprehend than any of the 
: other styles tested. Nine-point Modern, set 
-» appears automatically in two columns each 28 in. with 1-point 
. Z leading, was a little more difficult to 
in the dials of Friden comprehend than either i1-point Imprint 
set in a single column, or 9-point Times 


Model SRW when you touch one key New Roman set in two columns. 
Not altogether unrelated to these con- 


SEE HERE HOW IT’S DONE siderations is the effect of ambient 


? ; el noise. Assuming that engineers are 
1 Set number from which 2 Touch Square Root key 3 See root appear in dials. always engaged in “intellectual” tasks, 





root is to be taken on corresponding to posi- This figure can be re- ; 
Friden SRW keyboard tion of et ie el tained keyboard if the following report from APU may be 
in the radicand desired for further cal- also appropriately quoted here: 
culation. Need for copy- e “Effect of Noise on an ‘Intellectual’ 
ing root is eliminated Task” (D. E. Broadbent): Three groups 
| of Naval Ratings worked for two sessions 
each at a subtraction task involving a con- 
siderable immediate memory load. One 
group had both sessions in relative quiet 
(70 db); a second had the first session 
in 100 db noise, and the second in quiet; 


For the first time on any desk calculator Friden Model SRW pro- the third _— had noise and quiet in the 
vides touch-one-key extraction of square root. This of course is in "aera lh bie ; 

o.e ~ * . ys n e rs session. 1e€ noise rou 
addition to all standard Friden Calculator features. Thus Friden , ow 


aethy >. @ra.. 46.5. 85 : : a. slowed d solvi he sub i s 
Model SRW is The Thinking Machine of American Business PLUS. ee ee eee 


‘ , : ‘ar time went on, relative to the groups work- 
It performs more steps in figure-work without operator decisions ing in quiet. A similar difference appeared 


than any other calculating machine. Can you use one? at the second session; but, in addition, 


there was an after-effect of noise such that 
. the subjects who had had noise previously 
_. WORKS THE WORLD'S slowed down relative to those who had not. 
Slowi ; : ro 
sieabddeiinenaeainiaie, iaduaiineen owing down on performance with time 
was in all groups most marked in extro- 
AUTOMATICALLY verts. 


Friden sales, service and instruction available throughout the U.S. and the world These results suggest firstly that intel- 
kins Bihan Meinwey 0 1008.9008 lectual work as well as simple sensory 

: tasks must be regarded as endangered by 

Send for new Square Root Calculations Manual. Tells how noise; secondly, that there may be harmful 
calculating machine with unique automatic square root : after-effects from noise, but it is not clear 
extraction feature does higher mathematics including FRI, whether these will appear in any situation 
triangulation, statistics. Free—no obligation. Pa * or only in one similar to that in which the 
noise was experienced. —A.E.J. 





FRIDEN, Inc. Dept. EM-1259 Postcard return cards are pro- 

San Leandro, California , vided on page 17 as a convenience 
to the reader in obtaining further 

Please send Square Root Calculations Manual to: information on— 

New Components and 

Materials 

Company Literature for the Design 

Engineer 
Address Feature Article Reprints 
City —— State Advertised Products 


Name 
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Canadian General Electric Co., Ltd. 


New streamlined transformers, molded in 
Epon resins, have superior insulation 
and dielectric strength. Accuracy and 


over-all performance are greatly improved. 


ae 


Good-All Electric Manufacturing Co. 


New Epon resin-molded 600 UE capacitors 
have superior moisture resistance. Offer 
rugged, trouble-free performance because 
Epon resin assures high dielectric strength, 
low leakage. 


for potting, molding, sealing, encapsulating 


Switcu TO EPON resin-based com- 
pounds for potting, molding, sealing, 
and encapsulating to upgrade the per- 
formance of your electrical or elec- 
tronic units . . . cut costs through 
design simplification. 

Why? Because the excellent physi- 
cal properties of Epon resins eliminate 
the need for conventional containers 
and housings. Size, weight, and com- 


plexity of components are reduced. 


To lower costs and speed up pro- 
duction, manufacturers have moved 
in the direction of automation. In the 
new mixing, metering and dispensing 
equipment, even the most heavily 
filled Epon resin formulations can be 
used for high-volume, rapid-curing 
potting, encapsulating, and sealing 
operations. 


Epon resins can be adapted to a 
wide variety of formulations designed 
to meet your specific needs. Write now 
for full information including a list of 
suppliers of Epon resin-based formu- 
lations and manufacturers of auto- 
matic mixing, metering, and dispens- 
ing equipment. 


SHELL CHEMICAL CORPORATION 
50 West 50th St., New York 20, N.Y. 


SHELL CHEMICAL CORPORATION. 


PLASTICS AND RESINS DIVISION 


Centra! District 
6054 West Touhy 
Chicago 48, lilinois 


East Central District 
1578 Union Commerce Bldg. 
Cleveland 14, Ohio 


Eastern District 
50 West 50th Street 
New York 20, New York 


IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited, Toronto 
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Western District 
10642 Downey Avenue 
Downey, California 





Write for more information on our electrical wire terminating program. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through subsidiary 
companies in: Australia + Canada * England « France « Holland + Japan 


PUR RL EAVES ze 
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Men in Industry 


V. deP. Goubeau W. L. Barth 


This year’s winners of the two high- 
est awards in the field of national 
standards work have been announced 
by the American Standards Association. 
Vincent dePaul Goubeau, vice president 
and director of materials of the Radio 
Corporation of America, receives the 
Howard Coonley Medal. William L. 
Barth, retired head of the engineering 
standards section of General Motors 
Corporation and executive secretary of 
its standards committee, receives the 
Standards Medal. Mr. Goubeau was 
honored for his “key role in making 
standards one of the major tools of 
purchasing agents.” Mr. Barth was 
honored for “his technical ingenuity 
and persuasive leadership . . . in the 
development and wide application of 
such American Standards as those con- 
cerning screw threads, threaded fasten- 
ers, drafting practices. and washer and 
machine rings.” 


Three senior scientists have been 
named to positions in the Research 
and Engineering Division at Eitel-Mc- 
Cullough, Inc. Donald A. Dunn, senior 
research associate and lecturer in the 
electrical engineering department at 
Stanford, will be manager of a newly- 
created Supporting Research Group at 
Eimac and will also continue his micro- 
wave research work at the university. 
Murray |. Disman has been appointed 
leader of the Traveling-Wave-Tube 
Group. Bernard Arfin, who is a staff 
member of the Supporting Research 
Group, joins Eimac from Philips 
Laboratories. 


Avtron Mfg., Inc., has appointed 
Rubin Kazarian chief engineer. Mr. 
Kazarian comes to Avtron from Ohio 
Crankshaft where he was assistant chief 
engineer in charge of design for high- 
frequency welding, brazing and heat- 
treating equipment. 


John J. Myers has joined the re- 
search staff of the Hoffman Electronics 
Corp. Science Center in Santa Barbara, 
Calif., as a senior scientist. Dr. Myers, 
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- US¢ BRUSHES contribute”. 
to the reliability of 
heavy duty industrial tools 


e- 
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For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your . 
rotating electrical equipment. A well-trained oan sy Big nn . = i 

staff of engineers is available to assist you in aaa in Catalog B-56 and i> ‘a 

the selection of the grade and type of USG _ys@ grade list. Write for these * 

brush best suited to your application. two catalogs today. 


8-267-1 


THE UNITED, STATES, GRAPHITE, COMPANY 


GRAPHITAR® carpon-crapnite © GRAMIX® powper metatturcy © MEXICAN® crapnite prooucts © USG® Brusnes 
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New control circuit transformer | (om ‘esearch assistant professor at 


the Coordinated Science Laboratory of 
the University of Illinois, will be re- 
has a drop below rated voltage of | :sible at Hofman for studies in 
industrial electronics. At the university 
Dr. Myers conducted research in elec- 


* 
only 5% at 1000% inrush current tronics counter-countermeasures, high 


resolution radar, and antennas. 


The extra capacity enables Robert E. McMahon has _ joined 

you to specify transformer ition ee Transistor Applications, Inc., Boston, 

= as a vice president and chief engineer. 

size according to your sealed Mr. McMahon was formerly a staff 

> member at Massachusetts Institute of 

Technology’s Lincoln Laboratory and 

ceptions. Savings of initial was responsible for the development of 

the memory section of the transistorized 

cost and panel space will re- computer CG-24, presently in operation 

: at Lincoln Laboratory, and for a switch- 

ing technique for increasing the speed 
use a smaller unit. New of ferrite-core memories. 


Hevi-Duty TypeSZO trans- Leonard Pode has joined General Con- 


formers range from .050 to ! trols Co., Burbank, Calif., as chief en- 

gineer of the Electronic Systems Divi- 
5 KVA. sion. In addition to his professional 
engineering activities, Dr. Pode has ¢on- 
ducted courses at the University of 
California in Laplace transforms, an- 


BIP| alysis of servomechanisms and in ad- 


vanced engineering mathematics. 
A DIVISION OF iC} —| BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel + Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 


volt amperes with few ex- 


sult because you can often 


Write for Bulletin 300 


Fred Wolff, formerly a staff engineer 
with Servo Corporation of America, has 


Circle 193 on poge 17 been named acting manager of the 


Data Systems Engineering Division of 
the Hicksville, N. Y., electronics firm. 
Prior to joining Servo Corporation, Mr. 


NYLON Wolff was chief engineer, UAC Elec- 
B o 3} BI ry] Ss tronics Div., Universal Transistor Prod- 
| i) 


ucts Corp. He has also been an evening 
dt apes ee 

YOUR ASSURANCE oF— 

“Dimensional Stability 

VY Lower Winding Costs 
Close Tolerances 
Rigid Flanges 


J. Brendan Forrest has joined CBS 
Electronics as a physicist in the elec- 
tron-tube research and development 
group. Mr. Forrest was previously a 
technical information analyst with the 
Westinghouse Atomic Power Division. 


The appointment of W. Gale Cutler 
as manager of mechanical engineering 
You save on bobbin costs. You sove on | research at the Whirlpool Research 
tooling costs. You save on winding costs | J aboratories, St. Joseph, Michigan, has 


by eliminating costly secondary opera- been announced. Dr. Cutler came to 
tions. You save by incorporating econom- 


ical terminal designs into the molded part. Whirlpool as a research physicist from 

You save by eliminating winding rejects. Mankato State College, Minnesota, 
ee ee ee ee eee es eee re where he was associate professor of 
physics. 


The outstanding properties of nylon plus econom- 
ical molding procedures provide a quality Cosmo 
bobbin that has dimensional stability, strength . ‘ ie 
in thin sections, secure flanges, high resistance to | Aladdin Electronics, division of 
impact and/or vibration, good dielectric strength, Aladdin Industries, Inc., has announced 
DATA BROCHURE and resistance to action of most common chemicals. the appointment of Paul E. Dicker to 


ON REQUEST It will pay you to investigate COSMO NLYON BOBBINS the position of chief engineer. Mr. 


SALES DIVISION OFFICES Dicker has been serving as consultant 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, on special technical assignments at 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada. Aladdin During this period he also 


ce er 3 held the position of associate professor 
: -OMPANY | P P 


of electrical engineering at Vanderbilt 
University, Nashville, Tenn. 


CLEVELAND 9. OHIO 
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Bulova fuzes, safety and arming devices, timers and firing switches are designed 
and manufactured to the maximum degree of reliability. 


Bulova’s teams of electro-mechanical engineers are skilled in feasibility studies and 
analysis of parameters which lead to hardware meeting the most exacting safing and 
arming requirements. 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability —it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
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Over 10,000,000 
arming devices 
delivered... 

by 

Bulova 


> BULOVA 





ENGINEERS — Electrical, Mechanical, Industrial 


WESTERN ELECTRIC 


Is Augmenting 
Its Professional Staff 


Western Electric has openings for men of superior pro- 
fessional ability. Present areas of activity that afford 
opportunity to utilize your full technological skills are: 


= NIKE ZEUS ANTI-MISSILE MISSILE SYSTEM ® MISSILE 
GUIDANCE SYSTEMS ® ASSOCIATED GROUND CONTROL 
RaDAR SYSTEMS ® FIRE CONTROL RADAR ® UNDERWATER 
DEFENSE SYSTEMS ® DIGITAL COMPUTERS ® WAVEGUIDES 
AND GYROS ® HIGH PRECISION ELECTRONIC COMPONENTS 


AND SOLID STATE DEVICES 


You are invited to discuss with us how your previous 
training and experience can fit you for an important 
career position in one of these engineering areas: 


Tool Design 

Product Design 
Standards 

Technical Publications 
Field Engineering 


e Development 

© Project 

e Test Planning 

e Test Set Design 

® Pilot Line Manufacture 


Also Openings For: 


@ Technical Writers 
@ Engineering Associates 


Positions are available at these Western Electric Locations: 
Winston-Salem, Greensboro and Burlington, North Carolina 
Laureldale, Pennsylvania and Whippany, New Jersey 


For a personal interview in your area or at one of the 
above locations, address your resume to: Mr.T. R. Lannon 
Engineering Employment Manager, Dept. 924C. 


MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 


Lexington Road, Winston-Salem, North Carolina 


Company Briefs 


Mechtron Labs., Peekskill, N. Y., 
has been consolidated into Tensolite 
Insulated Wire Co., Inc., Tarrytown, 
N. Y., and Los Angeles, Calif. The new 
unit will be called the Mechtron Divi- 
sion of Tensolite and will be responsi- 
ble for the development, engineering 
and production of specialty wire prod- 
ucts. Tensolite (a wholly-owned sub- 
sidiary of Carlisle Corp., Carlisle, Pa.) 
is a manufacturer of high-temperature 
magnet wire, hook-up wire, cable and 
cable assemblies. 


The president of Inca Manufacturing 
Division, Phelps Dodge Copper Products 
Corp., has announced the addition of 
a new Ceramics Laboratory to their 
Applied Research Laboratories in 
Fort Wayne, Ind. This new laboratory 
will be working on the development of 
high-temperature inorganic insulation 
for magnet wire. 


Ground has been broken for an 
18,000 sq ft addition to the general 
offices and factory of C. P. Clare & Co. 
at 3101 Pratt Blvd., Chicago. This 
expansion move will double present 
laboratory space and add to office and 
production facilities. Clare also has a 
plant at Fairview, N. C. 


As an extension of its activities in 
polycarbonate polymers, General Elec- 
tric Company has executed a cross- 
license agreement with Farbenfabriken 
Bayer Aktiengesellschaft, Leverkusen, 
Germany. Polycarbonates were de- 
veloped independently by the two 
companies. 


Austin Electronics, a division of The 
Austin Co., will succeed the Special 
Devices Division of Austin Co. The 
change in name for the automation 
and electronic research and develop- 
ment firm became effective September 
15. The headquarters remain at 76 
Ninth Ave., New York 11, N. Y. 


As a part of an expansion program. 
Penn-Union Electric Corp., Erie, Pa.. 
manufacturer of electrical connectors 
and accessories, has announced the 
purchase of Western Insulated Wire Co., 
Los Angeles. Western will operate as 
a separate subsidiary with the reten- 
tion of the present management per- 
sonnel, policies and channels of dis- 
tribution. 


Ling-Altec Electronics, Inc., Culver 
City, Calif., has acquired all the out- 
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When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from %” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 

Four-way valves in pipe sizes from 4” to 114”—for 
temperatures from -65°F to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 

And ASCO can supply you with standard, explosion- 


ASCO Valves 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery. . . 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


ASUG. 


Automatic Switth C6. 50-M HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES » SOLENOID VALVES « ELECTROMAGNETIC CONTROL 
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For continuous operation at hot- 
test spot temperatures up to 
200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recom- 
mendation for continuous oper- 
ation at hottest spot tempera- 
tures up to 250°C (482°F) and 
up to 300°C (572°F) for short 
periods of time. Ceroc has a 
flexible ceramic base insulation 
with either single silicone or 
single or heavy Teflon overlays. 
The ceramic base stops “‘cut- 
through” sometimes found in 
windings of all-fluorocarbon 
wire. Both Tetroc and Ceroc 
magnet wires provide extreme- 
ly high space factors. 

Write for Engineering Bulle- 
tins 405 (Tetroc Wires) and 
400A (Ceroc Wires). 


SPRAGUE ELECTRIC COMPANY 
307 Marshall Street, North Adams, Mass. 


SS 


THE MARK OF RELIABILITY 
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standing stock of Continental Electron- 
ics Manufacturing Co., Dallas, a pro- 
ducer of high-power transmission 
equipment. Ling-Altec is a producer of 
high-power vibration-testing equipment 
used in the missile and air programs. 


International Electronics Industries, 
Inc., Nashville, Tenn., will join the 
Standard Pressed Steel Co. group of in- 
dustrial companies. SPS is a producer 
of a variety of precision, industrial 
and aircraft fasteners and_ related 
items, as well as nuclear components, 
office furniture and steel shop equip- 
ment. IEI is a producer of miniature 
electrolytic capacitors. 


U. S. Transistor Corp. has moved into 
its new plant at 149 Eileen Way, 
Syosset Industrial Park, Syosset, N. Y. 
U. S. Transistor will manufacture a 
line of germanium alloy junction and 
silicon transistors. The company was 
activated following receipt of a license 
from Western Electric Co. to manufac- 
ture patented transistors. 


Controls Company of America, Schil- 
ler Park, Ill., has announced the forma- 
tion of a new subsidiary, Solid State 
Electronic Controls, Inc., with plant and 
headquarters to be located at Tempe, 
Arizona. The new firm will develop and 
manufacture such items as silicon solar 
converters and other semiconductor de- 
vices, including rectifiers and diodes, 
with emphasis on industrial and com- 
mercial controls and instrumentation 
applications. 


Fairchild Camera and _ Instrument 
Corp., Syosset, N. Y., has acquired all 
of the common stock of Fairchild 
Semiconductor Corp., Mountain View, 
Calif., and plans to expand its pro- 
duction facilities from 68,000 to 183,- 
000 sq ft. 


The former Peerless Electric Co., 
Warren, Ohio, has become the Peer- 
less Electric Div. of H. K. Porter Co., 
Inc., and is a supplier of custom-built 
electric motors to the original equip- 
ment market. The company also manu- 
factures fan, blowers and ventilating 
equipment for commercial and indus- 
trial applications. 


The name of the Universal Winding 
Co., Providence, R. I., has been changed 
to Leesona Corp. without changing the 
identity of the corporation or affecting 
it in any other way. 


Fawick Corp., Cleveland, Ohio, manu- 
facturer of industrial clutches and 
brakes, has established a Hydraulic- 
Electronic Division. Fawick’s entry into 
the field of hydraulic components has 
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Simplicity built into 
four-step automatic cycle 
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Warner electric brakes and clutches were 
the key to design of mechanisms for measur- 
ing, cutting off, marking, and stripping 
ends of wire segments automatically. The 
simplicity with which these operations can 
be controlled through a virtually foolproof 
electrical circuit met one of the important 
design requirements—elimination of special 
maintenance skills. Useof the Warner 
units has reduced assembly cost and elimi- 
nated all brake and 
clutch adjustments 
while providing 
unusually fast starts 
and stops for the 
automatic cycle 

One step in the g 
cycle is marking the wire at close intervals 
near both ends and at wider spacings for the 
rest of the run. Spacing is controlled by 
two Warner PC-500 feed clutches (A and B 
above), which engage the fast or slow gear 
train. Fast, precise engagement and release 
make extremely close spacings possible. 


Measure wire segments 


For cutting wire to accurate segments, a 
Warner PB-825 electric brake controls the 
feed roll. This operation is so precise it ex- 
ceeds the original specifications, measuring 
segments to a tolerance of plus or minus 
1/16 in. The transmission that cuts and 
strips the wire is actuated by a Warner PCB- 
825 clutch-brake (C above), which also actu- 
ates the timer and sorter 


Send for more IDEAS 


Ask for factual application sheets showing 
how machines are improved by electric 
brakes and clutches. Write to: 


ELECTRIC BRAKES 
AND CLUTCHES 


eV Aba 
a 


Warner Electric Brake & Clutch Co. 


Beloit, Wisconsin 
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PRECISION 
PARTS COSTS 
AS MUCH AS 
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Deep drawn ball 
bearing race cuts 
costs 75% and 
eliminates screw 
machine operation. 
Concentricity held 
within extremely 
close tolerance even 
after heat treating. 


Spring for razor blade 


Transistor dome has .018 weld flange 
made from .013 stock, without showing 
any indentation on reverse side. 


Full stock thickness at top 
of draw on .018 brass case improved 
watch quality and saved assembly time. 


dispenser feeds automatically in 
high-speed apoorey machine. Spring 
steel properties are held during heat 
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improve quality at lower cost 


Increase production and speed 
assembly 


Eliminate screw machine costs 


Now a ball bearing race is being made for a 
textile machine by deep drawing 1050CR steel 
to .843 within tolerances previously believed 
impossible. Savings of 75% are reported and 
the 25% reject rate experienced when this part 
was made on screw machines was eliminated. 


This is only one of a host of examples where 
United’s specialized skill in metal forming pro- 
vides production economies on made-to-order 
eyelet-like and other metal specialties for 
many industries. 


Circle 199 


treating. Parts are produced free of 
burrs, without finishing. 


Special conveyor-type austempering fur- 
naces are used when required to produce uni- 
form toughness, with specified hardness. Parts 
are clean, free of quench cracks, and have mini- 
mum distortion. Call or write today for analy- 
sis and quotation on your most challenging 
problem. 


UNITED SHOE MACHINERY 
CORPORATION 


INDUSTRIAL SALES DIVISION 
140 Federal St., Boston, Massachusetts 
Liberty 2-9100 


BRANCHES: 

Atlanta, Ga. « Chicago, Ill. » Cincinnati, Cleveland, 
Columbus, Ohio « Dallas, Texas « Harrisburg, Pa. 
Johnson City, N.Y « Los Angeles, Calif. « Lynchburg, Va. 
Milwaukee, Wisc. « Nashville, Tenn. « New York, N.Y, 
Philadelphia, Pa. « Rochester, N. Y. « St. Louis, Mo. 





Design and 
Development 
Engineers: 
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The I-S short run department can save you 
time and money in the planning stage or whenever 
production quantities required are limited. 
Precision springs in small lots are produced quickly 
and economically ...designers can check springs 
for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 
recommendation on your specific spring applications. 


S862 £6 se-.-i- 


Specify I-S Beryllium Copper Springs 
for High Strength and Endurance: 
For further information on |-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet’s Product Design File 

or write for our latest Catalog. 


2° PROCESSED” 


SiericiuM COPPE SPRINGS 


INSTRUMENT SPECIALTIES CO., INC. 
254 Bergen Blvd. « Little Falls, N.J. 


Telephone: Clifford 6-3500 
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Ceramic Parts—can help prevent production losses 


Highly accurate porcelain, refractory, 
steatite or filter body parts from 
Wisconsin Porcelain Co. help you avoid 
expensive production stoppage due to 
irregular, bad fitting components. 


Consider, too, that Wisconsin Porce- 
lain Co.’s expert engineering assistance 
backed by 40 years of experience is 
available to help you find the most 
efficient, most economical answer to 
your ceramic parts needs. 


It costs nothing to find out what we 
can do for you. Why not send us your 
ceramic parts requirements today? A 
sample or a blueprint will do. You'll 
get a prompt reply. 

Serving the Electrical and Electronic 

Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 MARKET ST. + SUN PRAIRIE, WIS. 
(In the Chicago Industrial Area) 
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been accomplished through acquisition 
of New Products Corp., Skokie, Ill. De- 
velopments acquired through the ac- 
quisition include flow-divider and re- 
lief valves, hydraulic pumps, fuel 
pumps, fuel-selector valves and other 
hydraulic products. 


Ferrodata, Inc., Glendale, Calif., has 
formed an Electro-Dynamics Div. for 
study and research into reliability of 
solid-state devices. An initial contract 
has been issued to Actuation Research 
Corp. for preliminary testing and estab- 
lishment of test procedures to: be used 
for determination and prediction of 
reliability. 


A Dow Corning Corp. technical serv- 
ice and development laboratory is to 
be built in Greensboro, N. C. This 
laboratory will be part of the Product 
Engineering Department and will also 
do research and quality control work 
for Dow Corning emulsion and specialty 
products plants in Greensboro. 


Melpar, Inc., Falls Church, Va., a 
subsidiary of Westinghouse Air Brake 
Co., has announced the foundation of 
a Physical Sciences Laboratory. The 
laboratory will include a Molecular 
Electronics Section, which will deal ex- 
clusively with research, development 
and fabrication of molecular circuitry 
systems. The Chemistry Section will be 
concerned with the chemical aspects of 
improved materials for electronic ap- 
plications, while the Physics Section 
will be responsible for research and in- 
vestigation of new solid-state materials, 
development of high-temperature meas- 
urement techniques and plasma physics 
research. 


Three member companies of the 
Nytronics Group, formerly operating 
under individual identities, have united 
and are now called Nytronics, Inc. The 
three companies were formerly named 
Essex Electronics, N. J., Essex Electronics 
of Canada, and Sutton Electronics of 
Lexington, Ky. Nytronics, Inc.’s product 
line includes custom-built and stock 
delay lines, r-f chokes, coils, trans- 
formers and electromechanical devices. 
Other members of the Nytronics Group 
are: New York Transformer Co., Inc.; 
N. Y. T. Manufacturing Co., Inc.; 
Olympic Products Co., Inc.; Standard 
Plastics, Inc.; BTU Industries, Inc.; and 
Nytronics of Canada, Ltd. 


Taylor Fibre Co. has organized an 
Advanced Materials Division to investi- 
gate and develop laminated plastics and 
vulcanized fiber specifically for use in 
rockets, missiles, jet aircraft, nuclear 
reactors and other applications. 
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Winders starting a 
coil in a Westinghouse 
500 KW, 600 volt, 
1200 RPM Rotary 
Converter Armature 


Because of its flexibility, ’ 
and its mechanical and 
cellent. Aboglas is beir 
rate the end turns, b 

the top and botton 
armature 


EST VIRGINIA 
RIMATURE Co. 


Ss 


ATVAR 
LAS 


W. 0 ) 
es ain plant in Aboglas easily adapts itself to the contour of a large armature 


Bluefi s in other important 


lor § founding in 1909. 


smpany has been using Aboglas for some time as shown 
1e accompanying photos, and also as a separator between 
the shunt and series sections of compound field coils. 


Abosglas, a composite consisting ofa layer of varnish staturated 
asbestos paper sandwiched between two layers of varnished 
open-weave Fiberglas*, is only one of the Natvar insulations 
developed to do a specific job, and do it well. If you are using 
flexible electrical insulations, it will pay you to investigate the 
Natvar line. You can depend on their uniformly high quality, 
and you can get them either from your own wholesaler or 
direct from us. 


BW NATVAR <oxotsns 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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This ability to conform to irregular surfaces, plus high me 
chanical and electrical strength makes it popular for important 
coal ult an excellent reputation re 


wind jobs. 


Natvar Products 


Varnished cambric—sheet and tape 

Varnished canvas and duck— 

sheet and tape 

Varnished silk and special rayon— 

sheet and tape 

Varnished papers—rope and kraft— 

sheet and tape 

Varnished, silicone varnished and 

silicone rubber coated Fiberglas* — 

sheet and tape 

Slot cell combinations, Aboglas® 

Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing and 

sleeving 

Vinyl coated and silicone rubber 

coated Fiberglas tubing and sleeving 

Extruded vinyl tubing and tape 

Styroflex® flexible polystyrene tape 

Extruded identification markers 
*T.M. (Reg. U.S. Pat. Off.) OCF Corp. 


We will be very happy to supply information 
on any of our products on request. 





METAL GRAPHITE CONTACTS 


AND RADIO INTERFERENCE 
NOISE LEVELS... 


Since shielding and filters to reduce radio 
noise caused by sliding contacts are often cum- 
bersome and always costly, it is essential that 
contact materials be used which, in themselves, 
create the least radio noise interference. 

Stackpole Laboratory tests backed by exten- 
sive field experience indicate that Stackpole 
silver graphite operating against silver rings 
give satisfactory results on most sliding con- 
tact applications calling for low radio noise 
levels. Good radio interference reduction re- 
sults are likewise obtained with Stackpole elec- 
trographite grade L31 contacts operating 
against electrographitic rings, as well as against 
silver and gold rings. 

In addition to reducing radio noise inter- 
ference, sliding contacts must also be able to 
operate at high altitudes under high pressure 
conditions in dry, inert atmospheres, with ex- 
cess moisture, and with oil vapor. All of these 
ambients have come within Stackpole experi- 
ence with the resulting development of mate- 
rials which work well under such conditions. 

Give us the contact radio noise reduction 
problem and the chances are excellent that 
Stackpole can recommend materials or testing 
procedures to solve it. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES »* CONTACTS + VOLTAGE REGULATOR DISCS 
CATHODIC PROTECTION ANODES « SEAL RINGS * CLUTCH 
RINGS «+ FRICTION SEGMENTS « CHEMICAL ANODES 
POROUS CARBON and dozens of other related products, 


custom-engineered 


CONTACTS/BRUSHES 
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Book Reviews 


Symbolic Logic and Intelligent 
Machines. By Edmund C. Berkeley, 
Reinhold Publishing Corp., New 
York, N. Y., 203 pages, $6.50. 


Symbolic logic and Boolean algebra 
are terms which have crept into the 
language not only of engineers, but of 
the general public as well. Author 
Berkeley does a good job of discussing 
certain specific problems and their so- 
lution by computers, but the presenta- 
tion of a specific problem and its solu- 
tion is a long way from a generalization 
which would enable one to solve similar 
problems in a similar manner. 

It is in this lack of meaningful gen- 
eralization that, in the opinion of this 
reviewer, the author has failed. And 
while the book is certainly interesting, 
we cannot rate it as one that is either 
successful in educating the reader to 
cope with similar practical problems, or 
as one that gives enough of the general 
principles of logic and mathematics to 
help the reader form his own conclu- 
sions. As an explanation of the behavior 
of a machine the reader should be given 
more than is contained in the following: 

“A machine that is to behave in a certain 

desired way can often be imagined as 

a ‘black box,’ as some undefined thing 

filled with hardware in some indefinite 

way that nevertheless has the very defi- 
nite property that certain inputs produce 
certain outputs. For example, most peo- 
ple have only a very vague idea of how 
a telephone works, but they all know 
that if you do certain things to a tele- 
phone, you can get certain things out 
of it. The same is true of a motor car, 
for another example: we simplify it in 
our thoughts into a black box, a some- 


thing, which has certain inputs and cer- 
tain outputs.” 


This reviewer suggests that perhaps 
our high accident rate is in some way 
related to this “black-box” view of 
motor cars, computers, telephones, and 
the world in general. Perhaps it’s time 
we asked ourselves “why” instead of 
relying upon the hopeful shortcut 
method of asking only “how, in six easy 
lessons.” 


Aice Mary Hirton, Assoc. Editor 


Recorder Survey: Recording Sur- 
faces and Marking Methods. 
George Keinath. National Bureau of 
Standards Circular 601, Superintend- 
ent of Documents, U. S. Government 
Printing Office, Washington, D. C., 41 
pages, price 30¢. 


Recording methods and devices are 
surveyed in this well-illustrated mono- 
graph, the first volume of a series on 
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Small 
Custom 
Thermosetting 


in Quantities of 
50 to 200,000 
at low cost 


Development of a unique automatic trans- 
fer press, permitting a simplified mold 
design and greatly reduced mold cost, 
has exploded the high cost of small run, 
precision thermosetting parts—runs of 
50 to 200,000 parts are economically 
produced. 

Precise control of the molding cycle 
permits closer than normal tolerances. 

This low cost molding operation, com- 
bined with specialized secondary equip- 
ment for drilling, tapping, insert assem- 
bly, etc. will give you economical 
custom-built components. 


Request complete information 


/ Phone Fleetwood 2-6660 


a<~ fithooraomes, si 


239 HILLGROVE AVENUE + LA GRANGE, ILLINOIS * P.O. BOX 373 | 
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SUBMINIATURE 
TOGGLE 
SWITCHES 


For simple 

or complex 

circuit controls — 
single-pole to eight-pole, 
double throw. 


Choice of 

two-, three-, or five-position toggles 
in various combinations 

of momentary and 

maintained actions. 

Basic switches 

meet MIL-S-6743 

and MS-25085-1. 


Electrical Ratings 
3 amps. 30 v.d-c, 


DIAL HEAD AGASTAT?. «z=. 


- resistive 
time / delay / relays | 5 amps. 125/250 

; volts a-c. 
These relays have recently been re-designed—improved in Sone 
performance and appearance. So you'll want up-to-date Catalog 159 
Specs. describes 
This free folder gives complete details on all models. In complete line 
it you ll find operating specs, timing ranges, contact ca- of UNIMAX 
pacities, dimensions, diagrams of contact and terminal subminiature 
arrangements, and data on mounting and installation switches. 


acc essories. 


For your copy, write: Dept. A34-1221 v N é X S WwW - ‘e H 
ER STOP NUT CORPORATION OF AMERICA IVES ROAD, WALLINGFORD, CONNECTICUT 
Elizabeth, New Jersey 
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assembled in every * 


1OUR S' 


Manufacture of long-life, Hansen SYNCHRON 
Timing Motors is quality-controlled throughout, to 

make them the best synchronous motors for indus- | 
trial and commercial applications. Skilled, experi- l 
enced workers assemble Hansen SYNCHRON mo- | 
tors to rigid standards. Each motor undergoes 51 | 
separate tests and inspections before shipment, in- | 
suring users of the ultimate in silent, continuous, | 
synchronous power for specific timing applications. | 
Operating “efficiently in any position, self-starting, | 
self-lubricating Hansen SY NCHRON Timing Motors 
deliver from 8 t0, 30 in./oz. guaranteed torque; at 
temperatures from —40 F to +140 F; in speeds from 
600 rpm down to 4 rph; clockwise or counterclock- 
wise rotation. Oyer 200 types of output available. 


(*An average 
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HANSEN 


NOWROM 


TIMING 
MOTOR 


The efforts of Hansen engineers have 
been concentrated in just one area for 
over 50 years — creating and applying 
synchronous power units to timing ap- 
plications. Use this experience to solve 
your specific timing problems. Contact 
your nearest Hansen representative, or 
write direct. 


HANSEN REPRESENTATIVES: 


THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 


H. C. JOHNSON AGENCIES, INC. 


| Rochester, N. Y. * Buffalo, N. Y. 


Syracuse, N. Y. * Binghamton, N. Y. 
Schenectady, N. Y. 


ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif. (Olive 1-3220) 
Oakland, Calif. 


WINSLOW ELECTRIC CO. 
New York, N. Y. * Chester, Conn. 
Philadelphia, Penn. * Cleveland, Ohio 


figure for Hansen 
SYNCHRON Motors . . . many are 
designed for shorter life — others for 
years longer. 


HANSEN 


MANUFACTURING 
COMPANY, INC. 


PRINCETON, INDIANA 


recorders. Comparisons and character- 
istics of chart surfaces, marking meth- 
ods and marking materials are em- 
braced. The contents include papers 
and inks; chart shapes and drives; 
inked traces; incised, impressed and 
indented traces; deposition; photog- 
raphy; thermal traces; chemical re- 
cording, electric recording; and direct 
magnetic effects. Numerous references 
are given. 


Engineering 
Standards 


EIA Standards 


The following new recommended 
Standard has been made available: 

RS-225—Rigid Coaxial Transmission 
Lines and Connectors—50 Ohms (re- 
vision of TR-134). 80¢ 

Copies may be obtained through Elec- 
tronic Industries Association, Engineer- 
ing Dept., 11 W. 42 St., New York 36. 


NEMA Standards 
The following NEMA Standards Pub- 


lications are available: 

Ic 1-1959—Industrial Control. $6.00. 
This revised book covers the rating, 
test and performance, manufacturing 
and application of the following types 
of control equipment: control devices, 
a-c general-purpose controllers, d-c gen- 
eral-purpose constant-voltage controllers 
and definite-purpose controllers. 

SG 8.1-1959 and SG 8.2-1959—Pres- 
sure Connectors for Copper Conductors. 
30¢. Publication SG 8.1 deals with 
compression-type connectors and SG-8.2 
with screw-type connectors. Informa- 
tion is given concerning sizes, electrical 
and mechanical ratings, secureness, 
temperature-rise and _ pull-out tests, 
identification, finish and dimensions of 
terminal tangs. 

Copies of both are available through 
National Electrical Manufacturers As- 
sociation, 155 E. 44 St., New York 17. 


Electrical Insulating Enamel 
Qualification 


The Bureau of Ordnance, Dept. of the 
Navy, has announced the intention of 
establishing a Qualified Products List 
for Electrical Insulation Enamel under 
Specification MIL-E-22118 (Naval Ord- 
nance). Companies having a product 
meeting the requirements of this spec- 
ification should contact the Bureau for 
an opportunity to have their products 
tested. Inquiries may be addressed to 
Department of the Navy, Bureau of 
Ordnance, Rep-5, Washington 25, D. C. 
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3% times 
actual size 


Dawe ee ee ee 


TWAMTOTNOO 


10,000 hour 
load-life tests prove 
unsurpassed reliability of the 


WESTON VAMISTOR® 


the precision metal-film resistor that’s 
proof-tested 6% times its own rating! 


Top-flight VAMISTOR performance starts back in the shop with 
Weston Quality Control — the most thorough, stringent system 

of testing now used to assure VAMISTOR reliability . . . reliability 
in no uncertain terms! 


For example, every VAMISTOR is actually proof-tested six-and-a-quarter 
times its own rating for 10 seconds! And random production units, 
subjected to a 10,000 hr life test under full load, changed less 

than .5% — tangible evidence of tight Quality Control. Many users 
themselves attest to this kind of performance. 


Quality Control also makes for minimum thermal and static noise, 
makes sure VAMISTOR is entirely corona-free . .. can handle 

higher maximum continuous voltage than wire-wound types... higher 
wattages, too, up to 16 full watts at 40 C. 


The exclusive Weston process of fusing the special-alloy element to 
the resistor’s inner surface of steatite assures long shelf and 

service life...more reliability, greater mean-time-to-failure . . . 
improved resistance to all adverse environments . . . peak performance 
even under radioactive conditions. 


VAMISTOR conforms to MIL-R 10509 CHAR. C SPECS. 
Includes RN-65, RN-70, RN-75 and RN-80 styles. 


For full information, contact your local Weston representative . . . 
or write to Daystrom-Weston Sales Division, Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. 
Export: Daystrom Int’l., 100 Empire St., Newark 12, N. J. 


WESTON 


WORLD LEADERS IN MEASUREMENT AND CONTROL 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ExectrricaL MAanurFac- 
rURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 
Reader Inquiry Service Section be- 


ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
No. of 
Reprints 4-12 


] Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


Number of pages 


16-32 





Control System Representations, Decem- 
ber 1959, 3 pages. A chart showing 
seven basic control-system element 
classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams, and time constants. This re- 
print is now being included in the 
combined reprint of the recent series 
on “Automatic Control System De- 
sign” by Ira Ritow (see p 222). For 
those who ordered the latter previ- 
ously, this chart may now be obtained 
individually free of charge by circling 
the proper number on the Reader 
Service postcards, page 17. (744) 


Magnetic Amplifier Computing Control 
Circuits, December 1959, 9 pages. 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers. 
Covers amplifier design of one manu- 
facturer, basic circuits, typical applica- 
tions, and procedures for designing 
equation-solving circuitry to imple- 
ment Laplace transforms. (706) 


Aluminum—Its Electromechanical Func- 
tion in Design, December” 1959, 11 
pages. This Staff Report stresses the 
mechanical and structural uses of 
aluminum and its alloys (as distinct 
from electrical conductor applications) 
in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed and suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (704) 


Effects of Temperature on A-C Magnetic 
Properties of Nickel-Iron Alloys, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 


210 


perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 
400, and 1000 cps describing varia- 
tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range —60 to +250 C. (737) 


Rectifer Voltage Transients—Causes, De- 
tection, Reduction, December 1959, 
7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
circuits, detecting their presence in 
actual equipment, and providing means 
for their effective reduction. (729) 


Accelerometers and Their Characteristics, 
November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
inertial guidance. Includes an intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 


make. (712) 


Inherent Motor Overheat Protection 
Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature- 
coefficient resistor mode. Cutler- 
Hammer’s approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (739) 


Beryllium — The Metal and Its Design 
Potential, November 1959, 7 pages. 
A review of the properties and appli- 
cations of beryllium and some of its 


alloys as related to the design func- 
tions. Physical, thermal, electrical, 
optical and nuclear properties are 
detailed and projected into design 
considerations. Design parameters are 
explored and expanded with the aid 
of charts, tables and graphs. (719) 


Motor-Blower Selection Factors, Novem- 
ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blowers as a guide 
for selection. (717) 


Effects of Temperature on Magnetic Core 
Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
3 Mo Thermenol, Supermendur, 7-70 
Perminvar, Orthonol, AEM 4750, 4-79 
Mo Permalloy. (710) 


The Four-Bar Linkage as a Function 
Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
“rectangular”’-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented. (732) 


Silver and Silver Alloys—Properties and 
Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric. 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 
Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
sistance of circular cross-sections of 


metals. (709) 
Engineered Cooling Cuts Equipment 


Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
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CLARE ANNOUNCES THE 


Type 211 Stepping Switch 


Eleven-point stepping switch has 12-level 
capacity, 100,000,000-step* life 


Many new, improved features give this 
Clare Type 211 springdriven stepping switch 
longer service life, greater capacity and a freedom 
from maintenance hitherto unknown in an 11- 
point switch. Rugged, compactly built, the 211 
is available with a variety of enclosures and 
mounting assemblies to meet a wide range of de- 
sign applications. 


*LONGER LIFE EXPECTANCY—This new 
switch has a life expectancy of from 100 million 
steps at twelve levels to 300 million steps at three 
levels with proper relubrication and readjustment. 


GREATER STEP CAPAC/TY—Up to twelve 
11-point levels or four 33-point levels enable it 
to handle complex switching, counting, totaliz- 
ing, selecting, and sequence control operations. 


S/MPLIFIED MAINTENANCE—Fewer mov- 
ing parts, due to the elimination of pawl bear- 
ings, and a more rigid armature arm simplify 
TYPE 211 SWITCH—ELECTRICAL DATA maintenance and increase service life. 
OPERATING SPEEDS—Self-interrupt speed: 60 SPS at 25°C on nomi- 
nal voltage. Remote impulse speed: 30 SPS at 25°C on nominal 
voltage with 66% make impulse. 
OPERATE & RELEASE TIME—Operate time: 20 ms at 25°C on nominal 
voltage. Release time: 10 ms at 25°C on nominal voltage. 


OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25°C is 66% 
of nominal voltage. Minimum dropout at 25°C is 5% of nominal 
voltage. 

BREAKDOWN TEST—1000 v, rms, 60 cps, is standard. 

COILS—Coil resistances for typical voltages are shown below: 

Voltage 1-8 Levels 9-12 Levels 
Vdc Ohms Ohms 
6 1.5 1.5 
12 6 


6 
> = * VARIETY OF ENCLOSURES—Hermetically 
60 150 100 sealed enclosures, filled with nitrogen or oil, are 
110 600 400 available with hook-type solder terminals. Dust 
cover enclosures are available with miniature or 
TYPE 211 SWITCH—MECHANICAL DATA standard Amphenol Blue Ribbon connectors. 


OVERALL DIMENSIONS—Length (maximum)—4-5/16 in. Height (iC a ‘ 
interrupter, 1C O.N.S.)—2% in. Width—from 1-5/16 in. for 3 levels to Write for bulletin CPC-3 to C. P. Clare & Co., 
2-13/16 in. for 12 levels. 3101 Pratt Blvd., Chicago 45, Illinois. In Canada: 
NET WEIGHT—From one pound for 3 levels to 114 pounds for 12 levels. C. P. Clare Canada Ltd., P. O. Box 134, Downs- 
BANK CONTACT—Standard is phosphor bronze. Also available are view, Ontario. Cable Address: CLARELAY. 


coin silver or gold plated phosphor bronze. 


MAXIMUM BANK LEVELS & PILEUPS 
Type of operation (points) 11 a /4\ a 
Bank levels maximum (electrical) 12 


interrupter springs 6 


Off-normal springs 6 
Number of ratchet teeth 33 

WIPERS—Standard wipers are non-bridging phosphor bronze with coin 
silver and gold plated phosphor bronze available in either non-bridg- 


ing or bridging models. FIRST in the Industrial Field 
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slide . . . saves space 


AMBER RSL Ny ies 


Engineering progress at Chassis-Trak, 
keeping pace with the equipment mounting 
needs of the electronics industry, has re- 
sulted in two new slide designs. They are: 


13%4-inch slide 


Ideal for light-duty slide applications— 
loads up to 50 Ibs. Chassis-Trak “pencil 
thin” design plus an overall height of only 
1.687” saves cabinet space, permits easy 
mounting without cabinet modification. 
Cadmium-plated cold-rolled steel construc- 
tion. Phenol epoxy coating provides per- 
manent dry lubrication. Tilt and non-tilt 
styles in eight standard lengths—10, 12, 
14, 16, 18, 20, 22 and 24 inches 


For further information contact: 


NEW. . . lightweight, 


Cy aie Meet: ls 


Lightweight slide 


Newly developed model for special 
equipment mounting problems. Exception- 
ally compact (1” high, 42” wide), yet 
supports up to 150-lb. loads. Saves space 
without sacrificing heavy-duty strength. 
Low in cost, easy to install. All stainless 
steel construction. Precision roller and ball 
bearings for effortless operation. 

Check with Chassis-Trak engineers for 
the solution to your rack or cabinei appli- 
cation. Slides available in tilt, non-tilt, and 
tilt-lock models. Supports up to 275 Ibs. 


525 S. Webster, Indianapolis 19, Indiana 
212 Circle 210 on page 17 


cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MaNnuFactuninc, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (713) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 
given. (718) 


The Shock Spectrum: a Means of Stating 
Mechanical Shock Requirements, Au- 
gust 1959, 8 pages. The use of shock 
spectrum instead of pulse shape to 
specify shock-test requirements. A dis- 
cussion of the instrumentation and 
other considerations involved in this 
new approach. (741) 


Air Filters for Electronic Equipment, 
August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


Relay Test Code Advanced, July 1959, 
10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 
mittees are summarized. (708) 


D-C Torque Motors for Servo Applica- 
tions, July 1959, 6 pages. Use of the 
torque motor, a type of electromagnetic 
transducer, has grown rapidly in the 
last few years. Theory of operation 
and notes on application of commer- 
cially available units are given. (726) 


Construction and Use of Alignment 


Nomograms, June 1959, 5 pages. The 
advantages of alignment nomograms 
over Cartesian curves for many en- 
gineering purposes are related. Specific 
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ROEBLING MAGNET WIRE 


lives up to your reputation. 


When the switch is thrown, magnet wire 
carries the responsibility of upholding your 
reputation 
Wherever it’s used—in everything from 
generators, transformers and motors to tiny 
coils— Roebling Magnet Wire provides an 
extra increment of dependability. That's because, in every 
one of its scores of sizes and types, it is skillfully made of 
prime ingredients, then stringently inspected and tested 
You pay no more for this wire— yet it lets you give your 


customers more, in terms of satisfying performance. What's 
more, you choose the packaging that’s right for your product 
and production. A copy of Roebling’s useful, new Magnet 
Wire Fact Book is yours for the asking. Write Electrical 
Wire Division, John A. Roebling’s Sons Corporation, 
Trenton 2, New Jersey. 


ROEBLING é) 


) 
te ety 
ee 
Branch Offices in Principal Cities CF 
Subsidiary of The Colorado Fuel and Iron Corporation 





Two G-E Glow 
Lamps that give 
you a choice of 


CRITICAL 


OPERATING 


VOLTAGES 


TWICE 
ACTUAL 
SIZE 


NE-68 NE-80 


Here are two pre-tested and stable components 
engineered by G.E. for your circuit requirements 


G-E NE-68—This pre-aged glow lamp 
has an operating voltage range of from 
52 to 65 volts d-c. Its leads are plated to 
insure easier soldering and its perform- 
ance in darkened areas is improved by a 
mildly radioactive additive. The lamps 
are also treated by the G-E Dri-film 
process for high leakage resistance under 
humid conditions. Polarity is indicated 
by a Alwe dot adjacent to the anode lead. 


G-E NE-80—(Similar to the G-E NE-68) 
— Pre-aged, stabilized glow lamp with a 


Ebb + 


G-E GLOW LAMP 
USED AS A 
VOLTAGE REGULATOR 


narrower operating voltage tolerance than 
the NE-68 (range: 50-58 volts d-c). This 
glow lamp offers uniform operation with- 
in predetermined limits. It employs a 
mildly radioactive additive and has been 
treated by the G-E Dri-film process, pro- 
viding a leakage resistance of 100 meg- 
ohms or greater under humid conditions. 
G-E NE-80 serves well in circuitry re- 
quiring a close tolerance on operating 
voltage, such as voltage regulators and 
voltage references. Polarity is indicated 
by a yellou dot next to the anode lead. 


DIRECT CURRENT CHARACTERISTICS 


Starting Volts. 
Operating Volts. 


Extinction Volts (in series with .25 megohm or more) 


Design Current Te oe ee ee ee ee 
Leakage Resistance (at high humidity) . 


NE-68 Life Change in operating volts at 0.3 m.a. is 5-volts in 6,000 hours 


NE-68 
60-90-volts d-c 
52-65-volts d-c 
50-volts d-c 
0.3 m.a. 


NE-80 
(Max.) 80-volts d-c 
50-58-volts d-c 
50-volts d-c 
0.1 m.a. 


100 megohms 100 megohms 


NE-80 Life Operating Voltage to stay within above limits for 2,000 hours when operatedat 0.1 m.a. 
Starting Voltage—Not more than 5-volts change from initial, in 2,000 hours at 0.1 m.a. 


Choose the General Electric Glow Lamp best for your circuit application. For 
further information, write for “Glow Lamps as Circuit Control Components”. 
General Electric Co., Miniature Lamp Dept. M-902, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems. 
Areas of application are summarized 
and test methods listed. (703) 


Clad and Laminated Metals—Their De- 
sign Potentials, June 1959, 7 pages 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 
give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal. 
Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and 
illustrations. (707) 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 1959. 
6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
is given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Static Switching Today, May 1959, 9 
pages. A survey of static switching as 
it is applied in machine control sys- 
tems. Includes theory of switching 
circuits and how various types of de- 
vices are used. Units supplied by 
various manufacturers are also de- 


scribed. (714) 


Editorial Index to Electrical Manufac- 
turing for 1958, 24 pages. This yearly 
subject-classified index is completely 
annotated. Includes an author index 
and reproduces the ELECTRICAL MANu- 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index. (734) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
MANUFACTURING Staff Keport describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular asemblies are illustrated. (736) 


Electromagnet Copper-to-Iron Ratio for 
Optimal Design, March 1959, 4 pages. 
The design of an electromagnet by 
analysis instead of by successive ap- 
proximation permits determining the 
best ratio of copper to iron. Details of 
the method are illustrated using a 
continuous-duty d-c tractive magnet as 
an example. (720) 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 


ELECTRICAL MANUFACTURING 





1958 AIEE Conference on Magnetism 
and Magnetic Materials for: computer 
elements, microwave components, per- ae Me in * iat A C C 0 | V 7 4 Ns | ft) i" 
manent magnets, soft magnetic alloys 


and new magnetic devices. (702) 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control problems in stage and studio 
lighting, with a description of the ad- 
vantages of new magnetic amplifier 
systems for these applications. Details 
are also presented of a versatile con- 
trol programming system using cards 
but still permitting flexible supervision 
by an operator. (733) 


Designing Optimum Inductors’ with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- 
mit up to 78 per cent volume reduction 
of iron-cored inductors carrying asym- 
metrical currents. Analysis and syn- 
thesis procedures for iron (Audio A) 
or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 
the specific case. (701) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, Nov- 
ember 1958, 5 pages. Normal magne- 
tization curves, saturation induction, 
remanence and coercivity measure- 
ments at both increasing and de- 
creasing temperatures in the —60 to 
+250 C range for: Hipernik V, Hiper- 
nik, Deltamax, Mo-Permalloy and 
Hymu 80. (721) 


Special Purpose Flexible Cord, November 
1958, 4 pages. Properties of flexible 
wire and cable materials are tabulated. 
Special cord designs for use in equip- 
ment required to operate in severe 
environments are described and illus- 
trated. (735) These motor alternators provide close voltage and frequency regulation output over 

a wide range of input motor voltages, even in excess of 35 per cent. 

Treating Transfer Functions on Analog Made in 300 watt, 1200 watt, 2 kilowatt and 3 kilowatt sizes and for nominal 


Computers, October 1958, 8 pages. A input voltages of 32, 64 and 110 volts, these machines are self-ventilated, dripproof, 
description with examples of a method and of rugged design for long life service. 


of applying the transfer function of a Variations of these machines, DC to DC, for similar wide ranges of input motor 
system to an analog computer to deter- : 
mine the system output. Applicable to voltage are also available. 
systems initially at rest or those with 
input conditions, the method takes ad- , : 
vantage of the symmetry of a transfer | ¢ Radio and radar supply on bc ships neered and built an extensive line of 
function expressed in terms of the and at remote defense installations. 
Laplace operator in converting it to Depth recorders. : ; 
a mechanical schematic for the com- @ Communication equipment power lation devices. Literally thousands of 
puter. (728) source. 
Fluorescent lighting from a DC , fad ‘ 
Siete Cnteds fer tadinie aioe tion throughout the world in industrial, 
Equipment, August 1958, 8 pages. In- Closed circuit television and other railroad, marine and communication 
ternal standards for the electronic por- 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 
dustry use in conjunction with the 


JIC Standards for Industrial Equip- 
ment (see Reprint 724). (722) sun aer ELECTRICAL EQUIPMENT CORP. 
Ferrites for High-Power R-F Tuning, 

August 1958, 12 pages. The results of FORMERLY ELECTRICAL DIVISION OF SAFETY INDUSTRIES, INC 


a program for evaluating commercially 1187 DIXWELL AVE., NEW HAVEN 14, CONN. + UNiversity 5-317] 
available ferrites for power tuning ap- 


Extremely desirable for For almost fifty years Safety has engi- 


electrical rotating equipment and regu- 


Safety motor alternators are in opera- 


electronic supply. and military service. 


Write us giving size and voltage requirements and the proper bulletin will be sent to you. 
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plications in the range from 2.5 to 30 

oe. Included are (1) magnetic 

permeability and Q as a function of 

THE ALLOY | frequency, r-f flux and temperature; 
e (2) dielectric constant and Qp as a 

FOR GLASS HE RM ETIC SEALS | function of frequency and _ electric 
| field intensity; and (3) recommenda- 

i ' tions for specifications data to be 

supplied by ferrite manufacturers. (715) 


| JIC Electrical Standards for Industrial 
| Equipment, June 1957, 24 pages. Re- 
vised specifications for the application 
of electrical apparatus to welders and 
other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send check 
with order payable to ELEcTricaL 
MANUFACTURING, 205 East 42 Street, 
New York 17. (724) 


ee tt 2 ed 


VACUUM-TIGHT Have you 


SEALS! 


w 
oO 


discovered 


" 
o 


Another 
Special Alloy 


—e | Soreipedic | PRODUCT 


— Purpose 


400 50C Cc 
572 752 932 a 


TEMPERATURE Y » 
eae PROPERTIES INDEX? 
rhis precision alloy was developed for Composition (Nominal) 
sealing metal to hard glass. Wilbur B. 
Driver Rodar i procesed from melting Sima MMMM ay tarts on page 222 — jut 
RED a en eee ' Balance : preceding the Index to Adver- 
the strictest controls to insure consistent Melting Point 
analysis, temper, uniform grain size and . . 1450°C. (Approx.) 
conformance to customers specifica- Specific Gravity. . 8.36 
tions. The superior stamping and seal- 
ing properties of Rodar make it the 
> i swers a 
preferred sealing alloy. Electrical Resistivity Rare — . 
Rodar produces a permanent, vacuum- ... 294 Ohms C.MF. pressed by many readers 
tight seal with simple oxidation proce- Tensile Strength he ELECTRICAL MANUFACTURING, for 
dure and resists attack by mercury. Fee a quick method of extracting 
-adily ‘ ine : . icate Hardness Merge 3s ‘ . ° 
Readily machined and fabricated, a information relating to any ma- 


Rodar can be welded, soldered or - + + + 62 B Rockwell r : ; 
brazed. Available in wire, strip and bar Elongation Por terial, component or equipment 


to your specifications 30% (2° gauge length) 8 discussed in either the editorial 
; or advertising pages. 


the new 


= 
: 
o 
= 
” 
= 
2 

! 
= 
co 
2 
= 
= 
= 


tisers. 


Weight Per Cubic Inch This new Product Index 
continuing need, 


Average Thermal 
Expansion, *Cm/Cm/°Cx10-6 


30° Te 200 C. ; 4.33 Te 5.30 - ae . The listing arrangement em- 
30° To 300 C. oe 4.41 To 5.17 na phasizes brevity. It follows the 
30° Te 400 C. 4.54 Te 5.08 ; . : . 
ae same library-based subject classi- 

30° Te 450 C. 5.03 Te 5.37 eee ‘hich m a 
30° Te 500C. 5.71 Te 621 fication system which was origi- 
*As determined from cooling curves, after annealing E nally developed for the ELECTRI- 

in hydrogen for one hour at 900°C. and for See CAL MANUFACTURING Annotated 


15 minutes at 1100°C. ain . 
waren: Editorial Index. 


¥ WILBUR B. TO 
} as : ret acquainted wi is new 
; DRIVER co. reference tool. It can save time 
/ NEWARK 4, NEW JERSEY in your data researching. 


IN CANADA: Canadian Wilbur B. Driver Company, Ltd., 50 Ronson Drive, Rexdale (Toronto) 
u ait a - RRM at SOE a 


Temperature Range 
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Low-cost 

insulation problems ? 
Look into these 

CDF Dilecto’ laminates 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications—better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 


CDF makes Di-Clad® printed-circuit laminates, Diamond® Vulcanized 
Fibre, CDF products of Tefliont, flexible insulating tapes, Dilecto*® lami- 
nated plastics, Celoron® molded products, Micabond* mica products, 
Spiral Tubing, Vulcoid®. 


¢Du Pont trademark for its TF E-fluorocarbon resin 


Fabricated by CDF. Near the presses that produced the Dilecto CONTINENTAL-DIAMOND FIBRE 
laminates, these paper-base parts were machined to close tolerances 
by CDF specialists . . . quickly, accurately, economically for the 


purchasers. This is a random selection from the five grades A SUBSIDIARY OF THE Barehf- company ¢ NEWARK 13, DEL. 
Gescrived in the table below. In Canada: Continental-Diamond Fibre of Canada Ltd., 46 Hollinger Road, Toronto 16, Ont. 


Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 


XX-13 FR 
X-13 | XP-13 XX-13 (Fire-retardant) XXXP-28 
(NEMA X) (NEMA P) (NEMA XX) (NEMA XX) (NEMA XXXP) 


ROCKWELL HARDNESS (M SCALE) 110 108 





“TENSILE STRENGTH Iw (1000 psi.) | - 16 17 


FLEXURAL STRENGTH Iw (1000 psi.) | _ a 17 20 


COMPRESSIVE STRENGTH (1000 psi.) | 35 ; 41 


WATER ABSORPTION (% in 24 hrs.) 3. 3. a 1.2 
1/16” thickness 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE (°C.) 
DIELECTRIC STRENGTH perp. to 
lam. (VPM) 


DIELECTR , 70 


am. (Kv 


DISSIPATION FACTOR at 1 mc, Cond. A 0.034 0.038 


DIELECTRIC CONSTANT at 1 mc, Cond. A ' 4.7 4.8 


ARC-RESISTANCE (seconds) | 4 10 


INSULATION RESISTANCE (megohms) 1,000 1,000 
ASTM D.257, Fig. 3 


 AIEE insulation class A A 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 
include 3% City Sales Tax on orders 
for New York City delivery. Make 


Determinants and Matrices, December 
1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 


checks payable to ELEcTRICAL MANv- 
FACTURING. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 
ing prices (which include shipping 
charges) per copy apply. Prices for 
larger quantities are available on re- 
quest. 


require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements. Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 


ORDER FORM 


Please enclose remittance (cash or check) with your order. 


Determinants and Matrices 


Sampled-Data Systems 


The Electric Field 


Heat Flow Theory 


TEETER EL EEL 


Slide Rule Mathematics 


Total Copies 


Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design 

Introduction to Semiconductor Theory 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Automatic Control System Design ............... : 
Low-Noise, Solid-State Microwave Amplifiers ........ 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 


Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 


Total Order 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


Reprint Title 


Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 
The Electric Field 
Shock and Vibration 
Key to Metals 

Heat Flow Theory 
Ferromagnetism 
Fourier Analysis 
Semiconductor Theory 


eeeeeeeeeees 


Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Slide Rule Mathematics .90 
Casting Resins 1.75 


cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to 
demonstrate the time- and error-sav- 
ing advantages of these two forms ot 
mathematical shorthand. $1.00 


Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction 
to the analysis of closed-loop control 
systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- 
verter, digital computer, etc. Presents 
impulse-response, frequency-response, 
p-transform and z-transform methods. 
Shows how to plot Nyquist, Bode and 
root-locus diagrams with z transforms. 
Written by Carl O. Carlson of the Na- 
tional Cash Register Co., whose con- 
tributions to the art include: the use 
of the normalized sT plane for ana- 
lyzing sampling adequacy, “pseudo- 
sampling” for determining between- 
sample response and the use of the 
z transform for table-generating func- 
tion. The last is presented for the first 
time in this article. $1.00 


Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus 
cover. An engiueer-oriented examina- 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid- 
state, three-level solid state and optic- 
ally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 
niques covers: (1) characteristics and 
advantages of the digital, or numerical, 
approach; (2) basic principles of 
coding, sampling and quantizing; (3) 
digital components and techniques for 
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NEW PLANT 


You are cordially invited to 
visit us in Our new 

factory — 242,000 sq. ft. of 
busy and well-organized 
manufacturing capacity. 


COLD-HEADED 
SPECIAL PARTS 


Substantial savings are often available to manufacturers 


through the use of low-cost cold-headed parts in place 
of complex assemblies. Our sales engineers and field 
representatives are ready to give you skilled advice on 
possible applications in your products. Call your 


Elco representative. 


Write 
for Full 
information 


ELCO i: SCREW CORPORATION 


1127 SAMUELSON ROAD, ROCKFORD, ILLINOIS 
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logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 
cuits, comparators, memory devices, 
and relative characteristics of cores, 
tubes, transistors and relays; (4) 
digital measurement devices, including 
pulse generators. counters. voltage con- 
verters, proximity pickups and_posi- 
tion transducers; (5) digital control 
actuators. Written by Michael H. 
Nothman, Gilfillan Bros., Inc.. Los 
Angeles. $1.00 


The Fundamental Properties of Plas- 

TYPE tics, August 1959, 16 pages plus cover. 
The fundamental science of polymeric 

materials is related to design engineer- 

ing properties of plastics. Discussion 

covers: the molecular formation of 

polymers; the chemistry of addition 

polymers; the chemistry of condensa- 

tion polymers; the theoretical basis for 

mechanical, electrical and chemical 

properties of polymers. Bibliography 

and glossary provided. Written by 

Thomas D. Callinan, Research Center, 

International Business Machines Cor- 

poration, and Alex. E. Javitz, Special 

ae Features Editor, Evecrrica MANvu- 

ot, evades FACTURING. $1.00 
The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Type TJC, one of Comar’s many tele- Electric Induction; ; Capacitance; 
phone types, combines features not Mechanical Considerations; Field Ef- 
usually found in a small relay. Light- fects in Devices. W ritten by Paul G. 
, oe Jacobs, Associate Editor, E.ectricat 


weight, extra sensitive, large contact ; 
5 5 MANUFACTURING. $1.00 


spring capacity, hinge-type armature, 
Neavy duty yoke and independent 
twin contacts are some of i advan- The Fundamental Nature of Shock and 
Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
: Testing, June 1959, 20 pages plus 
We do our own HERMETIC SEALING « PLATING - PAINTING - SILK SCREENING cover. The nature of shock and vibra- 
tion is given in terms of classical phys- 
ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 
the major types of shock (velocity, 
simple impulse, single complex and 
multiple). Combined environments are 
also treated. A section is devoted to 
the effects of shock and vibration on 
missile electronic components. Types 
of damage are tabulated and analyzed; 
principles of testing are given; speci- 
fications are summarized. Glossary and 
Bibliography included. Author is Dr 
Irwin Vigness, Head, Shock and Vi- 


ves you time and mor bration Branch, Mechanics Division, 
ee On 


Hermetic sealing, plating, painting _ 

and imprinting is done in our own Key to Metals in Design Engineering, 
plant. Speeds delivery, cuts costs. May 1959, 24 pages. Basic principles 
Send for complete catalog of metallurgy are presented and struc- 


tural characteristics of metals related 

to design concepts. Physical and mech- 

es, 2 anical properties of metals defined. 

Fy ) The nature and specifications of metals 

4 WY are detailed for better understand- 

DyxeF ' ing of current literature. The effects 
— of 


environment and mechanisms of 


ELECTRIC COMPANY, damage are illustrated. Iron and steel, 
3349 Addison Street, Chicago 18, Illinois alloys of aluminum, precious and rare 


metals, copper, nickel and magnesium 
are presented in their basic design re- 


tages. Inquiries invited. 


HERMETIC SEALING 
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ENJAY BUTYL .. tue wear russer 


FOR INSULATION AND JACKETING 


RESISTANCE TO MOISTURE — The mechanical water absorption of RESISTANCE TO HEAT — Because of superior resistance to deteriora- 
Butyl insulation in 90°C. water is only about one-sixth that of oil tion caused by heat and traveling arcs, Butyl helps make possible 
base compounds. This is an important characteristic for insulations the first low voltage busway system (600 v and below) designed 
to be used in direct burial, underground conduits, ete. specifically for aluminum conductors. 


RESISTANCE TO WEATHERING — Butyl’s inherently higher resistance RESISTANCE TO AGING — Buty! is virtually ageless. That’s why it 
to sunlight, moisture and weathering makes it the ideal material was selected to stand up to sunlight and ozone in outdoor watt-hour 
for this indoor-outdoor transformer casing. Integral molding of meters. Butyl provides dependable insulation and must resist all 
external parts provides reliable weatherproof insulation. weather conditions for 30 years. 


Enjay Butyl is the best of the vulcanizable rubbers, either natural or syn- 
thetic, from the standpoint of electrical and dielectric properties, ozone and 
corona resistance, heat and moisture resistance, and long aging. Find out 
how versatile, low cost Butyl can help improve your products. For more in- 
formation call or write your nearest Enjay office. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. 
Akron + Boston « Charlotte + Chicago + Detroit » Los Angeles + New Orleans + Tulsa 
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this new part 


brings outstanding 
cost reductions... 


eeeeeeee eeeeeeeeeseeeeeeeoeeeeee 


The photograph is of a shifter fork used in the transmission of a very pop- 
ular garden tractor in volume production. 

Clearly evident is the economy that can be achieved by powder metallurgy 
over other previously used methods. The elimination of practically all 
machine work effects striking cost reduction. 

_Made of pure powdered iron, infiltrated with copper to give added strength 
and ductility, this part is intended to meet the higher physical properties 
of wrought metals. 

The user of this part naturally presented his problem to Bunting first. 


For the unusual, as well as the usual, in bearings, bushings, bars and special 
parts of cast bronze, sintered metals, or Alcoa aluminum, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


. 6h or Wile FOr your Copy of... 


Bunting’s “Engineering Handbook on Powder Metallurgy” 
and Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings 
available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-3451 


Buntin 


Branches in Principal Cities — 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA® ALUMINUM 
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lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Com- 
munity College, and Harold E. Bar- 
kan, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 pages. 


A concise review of the major ana- 
lytical techniaues developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec- 
trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, March 


1959, 32 pages. A new approach to 
the study of magnetism, derived from 
modern solid-state physics. Explains 
magnetic behavior and properties of 
magnetic materials in terms of fun- 
damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic 
Materials; Magnetization Curves; Time 
Effects in Soft Materials; Effects of 
Atomic Ordering in Alloys; Interac- 
tions for Heterogeneous Systems; Mag- 
netic Materials of the Present and Fu- 
ture. Written by Anthony Arrott and 
J. E. Goldman of The Scientific Lab- 
oratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, Feb- 


ruary 1959, 16 pages. In system and 
subsystem design, Fourier analysis per- 
mits the design engineer to design or 
select devices for a particular transient 
performance solely on the basis of their 
steady-state sinusoidal performance. 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered. 
Written by Ira Ritow, Airborne Instru- 
ments Lab. $1.00 


Introduction to Semiconductor Theery, 


January 1959, 24 pages plus cover. 
A detailed discussion of conduction 
processes in semiconductors written 
for the design engineer and presented 
as a basis for understanding the phy- 
sical principles of operation of semi- 
conductor components. Theory of so- 
lids is presented, followed by a dis- 
cussion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of voltage, 
temperature, and other external in- 
fluences are analyzed. Transistor theo- 
ry is then presented. Written by Ruth 
F. Schwartz, Research Division., Phil- 
co Corp. $1.00 


COMPENDIUMS 


Automatic Control System Design, 64 


pages plus cover. A parctical textbook 
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Advanced manufacturing techniques 
and extensive quality-control proce- 
dures are your assurance of reliability 
and long life when you specify RCA 
Silicon Rectifiers. Every RCA Silicon 
Rectifier you receive has been subjected 
to a 24-hour seal test under pressures 
in excess of 5 atmospheres, and has 
been stabilized by repeated thermal 
cycling over the full operating-tempera- 
ture range before final electrical test- 
ing. Every RCA Silicon Rectifier you 
receive has also been subjected to the 
following extra tests to insure depend- 
able performance under extreme condi- 
tions: reverse (leakage) current at 
25°C; forward characteristics at 25°C; 
high-temperature dynamic reverse 
(leakage) current test at full load cur- 
rent and maximum rated voltage. In 
addition, samples from every produc- 
tion lot of RCA Silicon Rectifiers are 
subjected to life tests under maximum 
rated conditions of temperature, cur- 
rent, and voltage to provide further as- 
surance of RCA’s high standards of 
quality. 


7 Types for INDUSTRIAL and MILITARY Power Supplies 


Maximum Ratings, Absolute-Maximum Values: For supply 
frequency of 60 cycles and with resistive or inductive load 


CHARACTERISTICS 


pc at Ambient at Ambient 
Forward Ma | Temperature of 25°C Temperature of 150°C 


Game Maximum Reverse Maximum Reverse Current 


of 50°C Current (DC) at (averaged over one complete 
maximum peak cycle) at maximum 
inverse voltage peak inverse voltage 
(ua) (ua) 


1N536 4 400 
1N537 400 
1N538 300 
1N539 300 
1N540 300 
1N1095 300 
1N547 350 

6 Types for MAGNETIC-AMPLIFIER Applications 

requiring exceptionally low leakage current 


1N440-B 
1N441-B 
1N442-B 
1N443-B 
1N444-B 
1N445-B 


Contact the RCA Field Office nearest you for information on types for 
your specific applications. For technical data see the new RCA HB-10 
SEMICONDUCTOR PRODUCTS HANDBOOK, or write RCA Com- 
mercial Engineering, Section L-54-NN, Somerville, N.J. 

EAST WEST: GOVERNMENT: 


744 Broad Street 6355 E. Washington Bivd. 224 N. Wilkinson Street 

Newark 2, New Jersey Los Angeles 22, Calif. Dayton 2, Ohio 

HUmboldt 5-3900 RAymond 3-8361 BAldwin 6-2366 

EAST CENTRAL NORTHEAST: 

714 New Center Bidg. 64 'A"’ Street 1625 ‘'K'' Street, N. W. 

Detroit 2, Mich. Needham Heights 94, Mass. Washington 6, D. C. 

TRinity 5-5600 Hillcrest 4-7200 District 7-1260 
CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago 54, Illinois. WHitehall 4-2900 


ALSO AVAILABLE AT YOUR LOCAL RCA SEMICONDUCTOR DISTRIBUTOR 
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A high degree of efficiency and 
reliability is assured by the new PESCO 
Static Inverter developed by BORG-WARNER research. 
Utilizing controlled rectifiers and no transistors, the new unit offers 
exceptional performance under space flight conditions. 
Fewer components increase reliability. Operation at ambient 
temperatures of —55°C up to +135°C is possible without 
fans or coolers. Built-in short circuit protection, automatic or 
manual (local or remote) reset, is accomplished without fuses or 
circuit breakers. Other outstanding characteristics include: 
Voltage Regulation to + 1%; Frequency Regulation 
to +.005%; Inherent sine wave output. 


PESCO PRODUCTS DIVISION 
Borg-Warner Corporation 

3310 Vanowen Street + Burbank, California 
24700 No. Miles Road + Bedford, Ohio 
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complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres- 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in ELeEc- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 
Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 
and their various common representa- 
tions, including transfer functions, 
equivalent analog computer circuits, 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow, 
Airborne Instruments Laboratory. $3.00 


Engineering Applications of Boolean Al- 
gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
iect classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in ELectricAL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry: 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule 
Written by Ira Ritow, whose previous- 
ly published work in ELecrtricai 
MANUFACTURING includes “Capsule 
Calculus.” $1.00 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded $2.00 
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reoRnw44y New Silicone Varnish 
cures at low (150°C) temperature 


HEAT RESISTANCE SUPERIOR TO CONVENTIONAL SILICONE VARNISHES 


Electric Strength Versus Heat Aging, ASTM D-1346, Glass Tapes 


NEW LOW TEMPERATURE CURING VARNISH 


CONVENTIONAL SILICONE IMPREGNATING VARNISHES 
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2 © @ & 18 24 30 
DAYS AGING AT 250°C 


SR-220 is a new silicone impregnating varnish by General Electric that cures in the same ovens used for organic varnishes. 
The customary advantages of silicone insulation are improved, too. For instance, thermal stability at elevated tem- 
peratures is far better than conventional silicone varnishes. Shelf life and tank stability are excellent. 


With G-E SR-220 you have a new opportunity to improve the temperature resistance of insulation systems in all 
temperature classes. Silicone insulation means longer equipment life, high temperature resistance, extra overload 
capacity and smaller equipment size. With SR-220 you can have these features without investing in high temperature 
ovens. Call your G-E Silicone Sales Representative for further details, or write Section K1216, Silicone Products Depart- 
ment, General Electric Company, Waterford, N. Y. 


GENERAL @@ ELECTRIC 


Silicone Products Department 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Literature 
for the 
Design Engineer 


All-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


SWITCHING CIRCUITS BOOKLET — 
Pocket guide of 32 pages contains line 
drawings which show relay transfer 
trees, relay coil symbols and relay coil 
terminal connections. Other sketches il- 
lustrate slow-operating and slow-releas- 
ing circuits, relay locking circuits, pulse 
generators, pulse stretching, a-c rectifier 
circuits, rotary switch circuits, etc. 
Automatic Electric. > 632 


LOGIC CIRCUITS—Folder offers sche- 
matics and specifications of solid-state, 
plug-in, digital-system logic circuits. 
Module types include bistable and 
monostable binary units, gates, buffers, 
drivers, clamps, amplifiers and oscilla- 
tors. Vitro Laboratories. ->633 


MESA TRANSISTORS—Bulletin 2N1300- 
2N1301 describes these germanium 
p-n-p diffused-junction mesa transistors 
specifically designed for high-speed 
switching applications in data-process- 
ing equipment in which high-frequency 
response and high power dissipation at 
low cost are important considerations. 
Transistors are suited for pulse-ampli- 
fier, inverter, flip-flop and logic-gate 
circuits. RCA Semiconductor and Ma- 
terials Div. ~>634 


RAPID SERVO CONSTRUCTION SYS- 
TEM—Servo “breadboarding” system is 
described in 12-page technical brochure. 
Booklet illustrates completed units pro- 
duced by the method; also steps and 
stock components used. Brochure de- 
scribes concept based on equally spaced 
gear centers, established by pairs of 


226 


accurately bored plates. System uses 
72-pitch gears or gears whose pitch 
is a multiple of 24; integral ratios of 
1, 2, 3, 4, 5, 7, 8, 9, and 11-to-l are 
possible, as well as a number of non- 
integral ratios. Gap Instrument Corpo- 
ration. 635 


FIXED AND VARIABLE RESISTORS— 
Technical data on precision wirewound 
and composition resistors is offered in 
24-page catalog. In the precision wire- 
wound cataleg section, typical subjects 
are: characteristics of resistance wire, 
temperature coefficient interpretation, 
“E” temperature coefficient, special 
temperature coefficients, termination of 
resistance wire, and MIL-R-93B and 
MIL-R-9444 nomenclature. Composition 
variable resistor section includes: MIL- 
R-94B nomenclature, interchangeability 
chart, and summary of test results on 
manufacturer’s various resistors. Reon 
Resistor Corp. > 636 


SMALL STORED-PROGRAM COMPUTER 
—Catalog S-1 of 14 pages describes 
SPEC general-purpose digital computer 
and digital differential analyzer plus a 
logical design implementer. Plug-in 
logic elements used, permitting expan- 
sion. Operation codes, typical program, 
block diagram and physical components 
are shown. Partial specifications: com- 
puter type is serial, binary, single ad- 
dress, stored program; memory is 4 
lines at 32 words per line; access time 
(one-half line length), 192 microsec; 
word size, 12 bits (4 octal digits) plus 
sign; word structure is sign, 3-bit oper- 


ation code, 7-bit address. Computer 
Control Co., Inc. ->637 


TEMPERATURE-CONVERSION CHART 
—Card has chart for conversion of 
Fahrenheit to Centigrade and _inter- 
polation factors for fractional readings. 
Reverse side of chart gives differences 
between wet and dry-bulb temperatures 
to allow determination of relative 
humidity. Electric Hotpack Co., In- 
corporated. ->638 


ABRASIVE FINISHING OF BRASS AND 
BRONZE—Data sheet covers instruc- 
tions applicable to all forms including 
extrusions, stampings, castings, spin- 
nings and die castings. Varieties of pos- 
sible finishes are mentioned. Sheet gives 
complete data on wheel heading, lubri- 
cation, surface speed and recommended 
types of buffs. Lea Mfg. Co. > 639 


DIALS, DRIVES AND MECHANISMS 
—Catalog 59-6, 8 pages, describes and 
gives specifications of an assortment of 
dials, rim and planetary drives and 
vernier mechanisms available from 
stock. National Radio Co. 640 


COMPILER FOR ELECTRONIC COM- 
PUTER—Manual of 18 pages describes 
a compiler which is fed into the 4096- 
word internal memory of the manu- 
facturer’s LGP-30 digital computer on 
punched tape. Translates problems into 
the machine language automatically. 
Need not remain in the machine at com- 
pute time, thus preserving entire mem- 
ory for useful calculation. It is capable 
of compiling fixed or floating-point pro- 
grams. Royal McBee Corp., Data Proc- 
essing Div. >641 


DATA SYSTEM—Brochure of 12 pages 
on Kybernetes Series 2000 system out- 
lines construction and operation of the 
basic modular chassis, including plug- 
in housings and pin-board arrangement 
for function programming. Technical 
data provided includes inputs, d-c 
amplification, analog-to-digital conver- 
sion, linearization, programming, inte- 
gration, computer control, etc. Specifi- 
cations are presented for system com- 
ponents and functions. Controls Div., 
Hagan Chemicals & Controls, Incor- 
porated. > 642 


BASE METAL THERMOCOUPLE MA- 
TERIALS—Four-page bulletin, “Thermo- 
Kanthal Alloys,” describes a thermo- 
couple wire which offers high resistance 
to oxidation. EMF values for manufac- 
turer’s couples meet standard emf 
curves. Oxidation-resistant negative leg 
is a nickel alloy which has negative 
emf with respect to most other alloys 
and metals. Positive leg has a high 
positive emf. Standard tolerances in 
32-530 F temperature range, +4 F 
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Fansteel cuts cost 
8.2% per M 


Customer saves over 
*9,000 on one year’s 
usage of electrical 
contacts 


Because Fansteel’s responsibility to a customer does not end 
with delivery of the order, one customer has realized a saving of 
over $9,000 and at the same time received an improved product. 

The customer is Zinsco Electrical Products, Los Angeles; the 
product an electrical contact disk of Fastell UM* (tungsten- 
silver). For many years Fansteel has been producing millions 
of these contacts on orders running several hundred thousand 
pieces per month. Fansteel engineers, always searching for 
improved product quality, recently developed important new 
production and process improvements that reduced costs 8.2% 
per M on this part. 

These savings, passed on to the customer, amount to over 
$9,000 on the current year’s requirements. And this will be 
increased many times over in the years to come. 

It’s just another graphic example of how Fansteel’s constant 
search for new and better ways of doing it—how this search 
and quality control, which begins with the ore and on through 
the finished contact, means substantial savings and improved 
quality to users of Fansteel electrical contacts. 


Similar savings can be yours ask for recommendations on your 
g y 
product... contact your Fansteel representative or write direct 


* Trademark 


Electrical Contacts and Specialities Division 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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(+0.089 mv); in the 531-2300 F 
ange +34 per cent. Stock gages of 
| both alloys range from 2 to 40 B & S. 


| Extension lead wire also described. 


Kanthal Corp. > 643 
0 ia N | ALUMINUM ELECTRICAL STRIP CON- 


DUCTOR—Data Sheets 11C-2 through 


| 11C-4 contain three sections. Produc- 
| tion description section provides ex- 
planation of product, both bare and 


anodized, and production techniques. 

E ; , | Specified requirements portion lists 

From electrical power to electronic power IS quite a switch! chemical composition limits plus elec- 
tric and anodic film properties. Avail- 

Fact is that a high KVA electronic transformer needs to be a | ability section defines standard strip 
conductor items, manufacturing limits 

: Sl nies an a comparable distribution trans- | and contains purchasing information. 
bit mor sophisticated than a comparable distribution oe dec. — 
former. The electronic unit usually needs to be more compact | yigy iwpEDANCE veareanven—tet- 
letin 301E describes Model 301E volt- 
meter with an input impedance in ex- 
ae : cess of 107 ohms and the ability to 
.in short, to be designed fora specific electronic applicat 10M. | sense currents less than 60 electrons 

; per second. Output impedance is 10 

It takes experience to meet these needs. Not many companies ohms; voltage range, 1 to 250 volts 
a-c or d-c, either polarity; in 1] ranges; 

have it. Electro does. We specialize in electronic transformers | output-to-input variance less than 0.02 
per cent. Halex, Inc. > 645 


.to weigh less...to perform reliably in specific en ironments 


from microwatt / 
ELECTRICAL CONTACTS — Four-page 


WE BUILD to megawatt... condensed catalog C601 describes ma- 
2 terials, properties, forms and uses of 
a line of electrical contacts. Discussed 
are contacts manufactured from fine 
silver, coin silver, palladium, gold, 
ones for ground radar, platinum, silver alloys and powdered- 
metal compositions. Outline on last page 

scatter communications, | shows best contacts for various applica- 
tions such as contactors, instruments, 

missile ground support, | circuit breakers, switches, etc. Gibson 
Electric Co. > 646 


including the big 


research and industrial | possess WIREWOUND RESISTOR 
Precision resistor is described in a 
new Brochure GR-30 with details and 
specifications. Resistive element is 
floated in a viscous fluid. Available in 
power ratings up to 4% watt, with toler- 
your requirements. ances as low as 0.05 per cent and tem- 

perature coefficient of resistance as low 

as 2 ppm/deg C. Resistance values are 

120 KV 2 A DC power supply installed ai 0.1 ohm to 750 k ohms. General Transis- 
Eitel-McCullough, Inc. for klystron testing | tor Corp. ->647 


applications. Custom 


engineered to meet 


TAPE-WOUND CORES-—Bulletin TB-105 

ae is BIG ONES contains information on _tape-wound 

cores which can be obtained in two 

|new core materials. Data is included 

on Super Hymu “80” and silicon steel 

cores as well as on “O” Orthonik, “H” 

Hymu “80” and “B” Hymu “80” core 

materials. Core design data included, 

Opportunities for Experienced Transformer Engineers. Write Personnel Manager. | as well as new case sizes. G-L Elec- 
| tronics. > 648 


| OPTICAL STRAIN GAGE SYSTEM— 


IW eS EE "x" Fac | Eight-page Bulletin 2294 describes an 


high reliability transformers | optical strain gage designed to measure 
| strains due to tension and compression 


ELECTRO ENGINEERING WORKS, 401 PREDA STREET, SAN LEANDRO, CALIFORNIA | 2s small as 0.000002 in./in. Bulletin 
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Designed 
to give you 
Double 
Protection! 


WAGNER TYPE DP MOTORS 


against 
corrosion... 


PROTECTED 
against splashing 
liquids... 


DOUBLY PROTECTED — Air intakes and outlets are 
positioned to provide complete protection against 
dripping or splashing liquids. Rugged cast iron 
frames protect against rough handling and cor- 
rosion. 


Wagner Type DP Motors provide double protection that means longer life— 
more versatility of application. Rugged cast iron frames and endplates are 
highly resistant to corrosion. Dripproof enclosures are so well designed that 
these motors can handle many applications that formerly required splashproof 
motors. These motors pack ample power into little space, are light in weight 


and are easy to maintain. 


SLEEVE BEARING MODELS AVAILABLE. The entire line of ratings is 
available with ball bearing construction, or with steel-backed, babbitt-lined 
sleeve bearings of high load carrying capacity that provide quieter operation. 

Let a Wagner Sales Engineer show you how these motors can be applied to 
your needs. Call the nearest branch office or write for Wagner Bulletin MU-223. 


Branches and Distributors in All Principal Cities 


Wagner Electric @rporation 


6454 Plymouth Ave. «+ St. Louis 14, Missouri 


COOLING RUNNING—Specially designed baf- 
fles, which protect the stator windings, direct a 
cooling stream of air through the motor to effec- 
tively cool the motor—add to motor life. 
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CAN BE RE-LUBRICATED — Original factory 
lubrication will last for years in normal service 
—but grease plugs are provided to permit 
te-lubrication that adds years to motor life 
under severe conditions. 





contains information on operating pro- 
cedure, applications and bibliography. 
Gage measures compression strains on 
metals, plastics and many other ma- 
terials at temperatures up to 1500 F. 
Measurements may be obtained on both 
vibrating and non-vibrating specimens. 
American Instrument Co., Inc. 649 


WATER-COOLED MAGNETIC CLUTCH 
—Magnetic particle clutch, which can 
also be used for braking, is described 
in 4-page Bulletin EPD 6126-3. “Magne- 
clutch” is designed for applications 
such as tension control and cycling, 
where high slippage between input and 
output rotating members generates ex- 
cessive heat. Water-cooled clutch has a 
heat dissipation capacity up to six 
times higher than manufacturer’s air- 
cooled model and is available in eight 
sizes from 10 to 200 lb-ft. Bulletin con- 
tains information, including construc- 
tion, operation and application, with 
cross-sectional drawings, photographs 
and charts on specifications and di- 
mensions. Vickers, Inc., Electric Prod- 
ucts Div. ~>650 


MOLDING COMPOUND CHEMICAL 
RESISTANCE—Molding Technical Re- 
lease 36 lists chemical resistance of 
seven Bakelite phenolic molding com- 
pounds to acids, alkalies, solvents and 
common mixtures. Release of 12 pages 


explains that chemical resistance of 
molded phenolic resins is affected by 
molding conditions and _ techniques. 
Union Carbide Plastics Co. >651 


SECONDARY-EMISSION PULSE TUBE 
—Two-page Bulletin E352 contains data 
on pulse tube Type 7548 which features 
a rise time of less than 5 millimicrosec 
with 1 amp pulse. Currents as high as 
1 amp and repetition rates up to 300 
ke are possible. Life expectancy, 5000 
hr. Bulb type is 9-pin miniature. Trans- 
conductance, 25,000 micromhos at 18 
ma; gain-bandwidth product, 350. CBS 
Electronics Information Services. 652 


SOLID-STATE POWER SUPPLIES—Bul- 
letin PS-2009, 4 pages, announces the 
availability of Series LH rack-mounted 
power supplies with output over any 
2-volt band from 1 up to 100 volts in 
even-numbered steps up to 20 amp. 
Regulation less than 0.1 per cent from 
no load to full load. Line regulation is 
less than 0.1 per cent for changes from 
105-125 volts a-c. Response time better 
than a 50 microsec. Deltron Inc. ~>653 


ELECTROLYTIC CAPACITORS — Com- 
puter-quality aluminum  electrolytics 
are described in Engineering Bulletin 
3441A, 12 pages. Type 32D capacitors 
meet 85 C operating conditions as 
standard. In largest standard case 


(45g x 3 in. diam) capacitors are sup- 
plied in ratings of 130,000 pf at 2.5 
volts or 630 pf at 450 volts. Over two 
pages are devoted to typical curves of 
d-c leakage, dissipation factor, capac- 
itance change, impedance and equiva- 
lent series resistance. Sprague Electric 
Co. >654 


POTENTIOMETER SPECIFICATIONS 
CATALOG—Catalog of single-turn, wire- 
wound precision potentiometers from 
14 to 3 in. diam. Specifications such 
as size and dimensions, mechanical re- 
quirements and electrical properties are 
described. Potentiometers are built to 
applicable requirements of MIL specs 
as follows: MIL-R-19A, NAS 710, MIL- 
R-19518, MIL-E-5272A, MIL-R-12934B. 
Maurey Instrument Corp. > 655 


ALNICO V-7 PERMANENT MAGNETS 
—Two-page Form 350 is an engineering 
bulletin on a commercial permanent 
magnet material with typical energy 
product values of 7 million (BH,,,,). 
Bulletin ‘describes magnetic and ma- 
terial characteristics of Hyflux Alnico 
V-7 as well as applications for material. 
Indiana Steel Products Co. > 656 


SOLID-STATE RELAY CIRCUITS—Vol- 
ume 20, Nos. 5 and 6, of “Research 
Worker” contains eight basic relay 





Dennison Industrial Crepe Paper 
proves best in these applications 
As field coil insulation in automobile starters and 


generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 


cotton. It stretches to shape . 


. . hugs corners and leads 


... prevents voids . . . reduces likelihood of grounds... 
often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. » « power, distribution, regulator instrument and 


tential transformers . 


. » Dennison Industrial Crepe, 


in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


¢ 


more effectively 
MANUFACTURING COMPANY 
Framingham, Mass. + Drummondville, Quebec « Offices in Principal Cities 
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NEW RELIABILITY! 


sss 


VNAMAT 


—_— <6 


MAGNETIC AMPLIFIER 


(TRANSISTORIZED) 


CONTROL SYSTEMS 


for Eddy-Current Rotating Equipment 


8 per pene Transistorized Magnetic Amplifier Con- 
trol Systems are based on a new principle using 
rugged electrical components designed to provide many 
times the life of components used in electronic speed 
control systems. Transistors, reactors, and silicon recti- 
fiers take the place of vacuum tubes; there are no wear- 
ing parts to require maintenance, adjustment, or replace- 
ment. These transistorized controls are ideal for installa- 
tion in remote areas and for unattended operation, 
Used in combination with Dynamatic Eddy-Current 
Drives, Transistorized Magnetic Amplifier Controls 
provide infinite speed adjustment and accurate control 


Actual size of the 
transistors in Dyna- 
matic Magnetic Ampli- 
fier Control Systems. 


1. Dynamatic Eddy-Current Drive. 
2. Transistorized Magnetic Amplifier Control. 
3. Operator's Control Station. 


for almost any application from five through 10,000 
horsepower. Three essential components—drive, push- 
button station, and magnetic amplifier control—make 
up the Dynamatic Drive Package, which operates on 
alternating current. Standard control features include 
constant speed regulation, infinite speed adjustment, 
on-off clutch control, and jogging. Special features may 
be easily added to standard controls to meet the require- 
ments of individual applications. 

Dynamatic Transistorized Magnetic Amplifier Control 
Systems provide a high degree of accuracy and versa- 
tility—and are practically maintenance-free. 


lee for New Illustrated Bulletin Describing Circuitry, Construction, and Operation. 


EATON 


DECEMBER 1959 


————— DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE © 


KENOSHA, WISCONSIN 
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circuits employing transistors and in- 
cludes descriptions of each. Six are for 
d-c relay operation, one for a-c, while 
the last is a _ light-operated relay. 
Aerovox Corp. > 657 


PLUG-IN POWER SUPPLIES-—One-page 
data sheet lists eleven a-c to d-c sup- 
plies with 117-volt a-c input and out- 
puts from 85 to 300 volts d-c at 10 to 
40 ma. Physical dimensions, 2%6 x 
21%6 x 5% in. high, including tubes. 
Ascopian Technical Co. > 658 


HIGH-VOLTAGE SOURCES Models 59 
and 61R voltage supplies are described 
in four-page bulletin. Input to solid- 
state units is 6 volts d-c. Output is 
700 to 1500 volts d-c, continuously ad- 
justable, for Model 59, at 150 to 50 
pamp. Regulated Model 61R is rated 
at 900 to 1200 volts and 80 to 50 pamp, 
depending upon output voltage setting. 
Components Corp., Nuclear Instrument 


Div. ->659 


POLYPROPYLENE POLYMER Four- 
page Technical Data Folder describes 
properties of this polymer which has 
a density of 0.89 to 0.92. Other speci- 
fications ~-include: tensile strength 
(ASTM Method D638), 4000 to 5300 
psi; elongation (Method D638), 250 
to 700 per cent; impact strength (Meth- 
od D-256), 0.4 to 1.5 ft-lb/in. of notch. 
AviSun Corp., c/o Sun Oil Co. 660 


HAGEN 


ELECTRICAL CONNECTIONS— Bulletin 
17 on “Reliable Electrical Connections,” 
4 pages, briefly describes various tech- 
niques for cleaning electrical conduc- 
tors and removing insulation, including 
ribbon cable, wirewound resistance 
cards, ordinary wire and aiding alumi- 
num soldering. Equipment for cleaning 
and stripping is mentioned. The Eraser 
Co., Ine. >661 


SOLID-STATE FREQUENCY CHANGER 

Single-page Catalog Sheet 503 con- 
tains information on a series of 105- 
125 volt power converters for 60 to 
400 cps and 400 to 60 cps. Volt-ampere 
ratings are 50, 100 and 150; frequency 
regulation, +3 per cent. ERA Pacific, 
Inc. > 662 


MINIATURE TRANSISTOR AMPLIFIERS 

Six-page folder describes a series of 
solid-state amplifiers for various ap- 
plications. Included are decade ampli- 
fier, 90-db-gain amplifiers, d-c amplifier, 
a-c error amplifier, amplifier-limiter, 
hydraulic valve drive amplifier and 
others. Electronics Div., Taber Instru- 
ment Corp. > 663 


MINIATURE TANTALUM CAPACITORS 

Types XTK and XTM are described 
in four-page Technical Data Bulletin. 
Operating temperature range is —55 
to +175 C. Capacitor tolerance, —15 


manual 
TELL 


MODEL 86 


FOR MANUAL START AND AUTOMATIC STOP 
FOR ANY TIMED PROCESS OR OPERATION 


% Compact — requires only 
7/2 sq. in. for mounting 


% Accurate — maintains 
+15% of mean setting 


% Operates on 90%, captive air principle 


A high quality —low cost timer whose mechanical 
life has been tested to over 10 million operations. 


(Switch 1 million). 


Write for Bulletin No. 1620 for complete specifica- 


tions. Address Dept. EM-1259. 


> 


HAGEN ! 
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%& May be mounted in any 
position 


% Timing Range —0.2 sec. 
to 60 sec. 


¢ MANUFACTURING COMPANY 


Baraboo, Wisconsin 


Got a problem? 


to +50 per cent; capacitance values, 
2 to 140 uf; working voltage, 5 to 360 
volts, depending upon temperature and 
capacitance. P. R. Mallory & Co., Inc., 
Capacitor Div. > 664 


SILICON-CONTROLLED RECTIFIER — 
Bulletin XSR-350 offers a description 
and specifications of controlled recti- 
fiers for applications requiring load 
currents up to 10 amp and piv ratings 
from 20 to 200 volts. Last of two pages 
contains series of characteristic curves. 
International Rectifier Corp. > 665 


PILLOW-BLOCK BEARINGS General 
Catalog 51-59, 36-pages, is divided into 
sections on standard pillow blocks, 
side- and center-flange mounted bear- 
ings, miscellaneous and general-purpose 
types, as well as rubber-cushioned bear- 
ings in various mountings. Shaft sizes 
start at 44 or 34 in., depending upon 
bearing type. “Lazy Susan” turntable 
ball bearings of various sizes also in- 


cluded. Triangle Mfg. Co. > 666 


RESISTOR CATALOG-—Pocket-size, 64- 
page catalog contains information on 
the manufacturer’s line of wirewound 
fixed and adjustable resistors, MIL-R-26 
resistors, precision resistors, power-pack 
resistors, metal- and carbon-film resis- 
tors and composition variable resistors. 
Specifications, dimensions and descrip- 


| You Get MORE with 
DOERR MOTORS 


QUALITY... 


Top performance and life. 


APPEARANCE... 


Compliments your product. 


DESIGN SERVICE... 


Solves toughest problems. 


COOPERATION... 


Even on small-lot orders. 


YOUR PRODUCTS are easier to produce... easier to sell... witha 
Doerr motor as original equipment. 


Doerr’s experience with thousands of 
“specials” suggests quick, economical answers. Our broad 
background helps develop practical new designs to fit all 
of your requirements at lowest cost. 


Also, Doerr quality construction assures full performance 


of your product... while compact, modern Doerr styling 
adds to appearance. 


CALL DOERR WHEN 


YOU NEED MOTORS 


On your next call for motors, get 


MORE...contoct DOERR! Expanded 
line includes ratings from 1/30 to 15 hp. 
Specials are our specialty—backed by 
nation-wide, expert field service. Phone 


95 N. FOURTH AVE. ~ 


Cedarburg 801 or write... 


CEDARBURG, WIS. 
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PERMACEL Insulating Materials 
—for high-temperature applications, 
including silicone rubber, TEFLON*, 
and pressure-sensitive tapes in a 
wide variety of backings. Engineered 
by Permacel—leader in tape research. 


*Du Pont Trademark 


WHATEVER THE JOB... 


PERMACEL 


PERMACEL New Brunswick, N. J. TAPES « ELECTRICAL INSULATING MATERIALS « ADHESIVES 
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Resistor 
->667 


tions are given. Tech-Ohm 


Corp. 


SINTERED BRASS NUTS AND WASHERS 

Two-page data sheet presents general 
information on sintered brass nuts and 
washers available with finishes of plain 
or bright-dipped brass; also cadmium, 
zinc or nickel plate. Sizes are No. 0-80 
through 46-28. Midwest Sintered Prod- 
ucts Corp. ~> 668 


INDUSTRIAL SERVO-VALVE DATA — 
Product Bulletin 104 describes the op- 
eration and performance characteristics 
of Series 71 industrial servo valves. Bul- 
letin includes functional schematic, per- 
formance curves, and valve specifica- 
tions as well as installation and overall 
dimensions. Four sizes are 1.0, 2.5, 
5.0 and 10 gpm at 1000-psi valve drop 
and 15 ma input current. Moog Servo- 
controls, Inc. > 669 


GEARED COUNTERS—Four-page data 
sheet presents brief description of high- 
speed, quick-reset geared counters avail- 
able with a predetermining feature for 
automatic control of machinery and 
processes. Maximum speed, 6000 rpm 


or 8000 counts per min. Veeder-Root, 
Inc. ->670 


CONNECTOR GUIDE—Two-color four- 
page brochure, “Buyers and Engineers 


Guide to Amphenol AN/MS Connec- 
tors, assists in the selection of 
connectors. Reference guide shows 
available AN/MS insert contact ar- 
rangements and contains a quick refer- 
ence for insert specifications. Schweber 
Electronics. 671 


ELECTRONIC TIME-DELAY RELAYS — 
Engineering Bulletin 5903, 8 pages, in- 
cludes a description of circuit design, 
standard and special type specifications, 
and data on sizes, available mounting 
arrangements, weights and _ terminal 
styles. Standard types are designed for 
28 volts d-c input, with DPDT or 3PDT 
output relays having contract ratings up 
to 10 amps resistive. Standard delay 
times from 0.020 to 300 sec. Tempo 
Instrument, Inc. >672 


ELASTOMER-COATED FABRICS—‘“Fair- 
prene” fabrics are discussed in 12-page 
booklet. Topics covered are coating 
compounds, fabrics, physical properties, 
specifications, cements and end_ uses. 
E. 1. du Pont de Nemours. > 673 


SPRING ALLOY—Informational 24-page 
bulletin describes a cobalt-nickel spring 
alloy called “Elgiloy”. Material is re- 
sistant to fatigue, set, corrosion and 
temperature. Alloy is also non-magnetic 
and may be fabricated in various parts. 


Bulletin includes properties, applica- 
tions and ‘manufacturer’s facilities. 
Elgin National Watch Co., Abrasives 
Div. >674 


VOLTMETERS, POWER SUPPLIES, REG- 
ULATORS-—Catalog 59A, 12 pages, con- 
tains information on various d-c power 
supplies, digital-set precision d-c sup- 
plies, digital readout meters, a-c line 
voltage regulators and miscellaneous 
custom equipment. Davenport Manu- 
facturing Co. ->675 


MAGNETIC-TAPE INSTRUMENTATION 
—Catalog DC 3171 contains 26 pages 
and describes modular recording sys- 
tem with up to 40 heads. Equipment is 
described for four tape-recording meth- 
ods: frequency modulation, pulse-dura- 
tion modulation, digital recording and 


direct recording. Minneapolis-Honey- 
well Regulator Co. >676 


MICROWAVE ATTENUATOR ELE- 
MENTS—Metal-film mica attenuator 
elements are described in two-page 
Bulletin C-1. Applications of the metal- 
lized mica include high-frequency vari- 
able attenuators for use abeve 18,000 
me. Mica sheets are available from 
0.001 to 0.005 in. thick and in resistivi- 
ties from 24 to 400 ohms per square. 
Filmohm Corp. >677 


(Continued on page 236) 
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THERMO-KANTHAL 
THERMOCOUPLES 
ARE MORE STABLE 


Thermo-Kanthal is a product of world recognized 
Kanthal leadership in special purpose resistance and 
heating alloys. It is specifically designed to combat 
the problem of stability with age and use. Particular 
attention to the composition of the negative leg has 
resulted in a new order of accuracy and stability, 
particularly in the 1800°F to 2300°F range. 


Thermo-Kanthal couples meet all standard emf curves. 


No change in instrumentation is necessary. In addi- 
tion to operating savings, as in less recalibration, 
Thermo-Kanthal actually costs less initially. Write for 


detailed data today. 
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yy INSTALLS EASIER The cost of installing motor control is almost For maximum economy, perform- 
always greater than the cost of the equipment, often two or three times ance and dependability; standardize 
as much. This is why Cutler-Hammer made “easier installation” a key on Cutler-Hammer Three-Star Mo- 
objective in designing the Cutler-Hammer Three-Star Motor Control tor Control. Write today for the 
line. Its compact construction saves valuable panel area. Three-point Panelbuilders Handbook, the handy 
keyhole mounting, straight-through wiring, sure-grip terminals, and guide to control panel design. Ad- 
color coded magnet coils save you time and effort on every job. dress your request on your company 
letterhead. Ask for Publication 
yy WORKS BETTER Better performance is more than a mere claim EE-120-Y231. Cutler-Hammer Inc., 
in the Cutler-Hammer Three-Star Motor Control line, it is a proven fact. Milwaukee 1, Wisconsin. 
Light weight, short stroke movable contacts hold the inertia effect to a 
bare minimum. Accurately calibrated overload relays are adjustable to 
within 3% of full load motor current, not 10% or 12% as others. Motors 
work up to full capacity without time-wasting nuisance tripping of the 
overload relay. 


WwW LASTS LONGER Repeated tests prove Cutler-Hammer Three-Star 
Motor Control provides substantially greater electrical and mechanical 
life. Vertical dust-safe contacts stay clean, free from the ravages of arcing 
and pitting caused by dust contamination. Magnet armatures pivot on 
smooth hardened steel bearing surfaces, avoid the uncertainties of 
sliding friction. 


me CU TLE R-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. ® Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, 
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SOCKET-SCREW PRODUCTS Fight- 
page Bulletin 2338 describes the line 
of Unbrako standard socket-screw prod- 
ucts. Literature covers socket-head cap 
button heads, flat 
heads, shoulder screws and socket screw 


screws, set screws, 
keys, as well as precision dowel pins, 
plugs and square-head set 
screws. Offer ultimate tensile strengths 
as high as 200,000 psi. Standard 
Pressed Steel Co. >678 


pressure 


EPOXY COMPOUNDS Booklet on 
“Resiweld” epoxy adhesives, sealants, 
alloys and coatings is available. In- 
cluded is a product description and 
technical bulletin on the standard line 
of products and suggested uses. H. B. 
Fuller Co. > 679 


MAGNETIC RECTIFIER CONTROLS 

Bulletin MRC 658, 7 pages. describes a 
line of rectifier controls for power and 
servo control. Controls are applicable 
in systems ranging in power from watts 
to kilowatts. Bulletin gives schematic 
diagrams and describes a_ half-wave 
and full-wave rectified power supply, 
controlled a-c power source, d-c power- 
control system, a-c motor-speed control 
system, a-c servo drive, d-c motor-speed 
control, 3-phase a-c to d-c power control, 
power-control system. 


> 630 


and 3-phase a-c 
Fairfield Engineering Corp. 


TONOX 


EPOXY CURING AGENT / 


for encapsulating 


ELECTRONIC HIGH-VACUUM PUMP— 
Leaflet describes a small permanent- 
appendage vacuum pump Series 110 
and suggests electron devices into which 
these units can be integrated to remove 
micro amounts of gas liberated during 
the life of the tube. Specifications and 
a pressure-vs-current chart are included 


Ultek Corp. > 681 


NUCLEAR IRRADIATION SERVICES —— 
Bulletin GEA-6934 describes 
which include the handling of radia- 
tion effects from planning 
through irradiation and post-irradiation 
reporting. Bulletin — in- 
cludes photographs and detailed de- 
scriptions of irradiation services, par- 
ticularly in General Electric Test Re- 
actor. General Electric Apparatus Sales 


Div. > 682 


services 
programs 


analysis and 


LINE IMPEDANCE 
NETWORK 


description, 


STABILIZATION 
bulletin 
specifications. ap- 


Two-page gives 
MIL 
complete specifications and 
applications of both 50-amp and 100- 
amp models of the networks. Stoddart 


Aircraft Radio Co., Inc. > 683 


provals, 


DESIGNING INJECTION-MOLDED 
PARTS——-Titled “GRC Injection-Molded 
Tiny Delrin Parts,” bulletin 
presents engineering information on this 


8-page 


acetal resin and outlines uses. Bulletin 


electrical components 


gives LONG POT LIFE 


@ high strength 
@ high heat distortion point 


@ minimum vapor hazard 
and skin staining 


@ low cost 


Write for information 


Naugatuck Chemical 
Division of United States Rubber Company 


1242R Elm Street, Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - 


@ high moisture resistance 


Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 


offers data on mechanical, chemical and 
physical properties of the resin. In- 
cluded is table of approximate dimen- 
sions and weights in which molded 
parts can be specified. Gries Reproducer 
Corp. > 684 


SPLINE-DRIVE ARMATURE ASSEMBLY 

Form P-68, a four-page brochure, de- 
scribes a new armature drive for heavy- 
duty applications. Included are sections 
on operation, dimensions, replacement 
parts and installation. Drive is used 
with primary brakes and clutch cou- 
plings. Warner Electric Brake & Clutch 
Co. > 685 


VERTICAL HOLLOW-SHAFT MOTORS 

Bulletin 212 gives information con- 
cerning motors rated 15-125 hp with 
frames 284-505. Cutaway illustration 
gives specific details of dripproof and 
weather-protected units. Also listed are 
dimensions, specifications and 
standard coupling dimensions by frame 


motor 


size. Ideal Electric and Manufacturing 


Co. > 686 


TIME-CYCLE CONTROLLER Bulletin 
C 3ii Model CIC500 unit 
which controls processes based on timed 
operations. Instrument can time control 
different Ten 
pneumatic and/or electric pilots may 


describes 


up to ten variables. 
be operated simultaneously or in any 


Called “FOPS” By Every User! 


PP srit-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 


* TOP QUALITY 


* TOP WORKMANSHIP 
at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 


in design. 
Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances. 
Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 


casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 


you! 


iS 


CAMADA: Naugatuck Chemicals Division. Dominion Rubber Co.. Ltd.. Elmira, Onterie - CABLE: Rubexport. N.Y. 
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ments. An inquiry, NOW, will prove profitable to 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 
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... NEW LOW-COST 


Transistorized Readout 


“Trixie”, new computer read- 
out circuit design, utilizes 
Sylvania’s new NPN transis- 
tor, Syl 1750, and the Nixie” 
indicator tube 

Now, designers can meet direct read- 
out requirements for computers, 
instrumentation and data display with 
new economy and efficiency. Sylvania, 
pioneer manufacturer of NPN transis- 
tors, has developed new parameters in 
the Syl 1750 to meet the need for a 
low voltage input driving circuit for 
the Nixie indicator tube. 


“Trixie” (Transistors + Nixie tube) 


comprises ten Sylvania NPN medium 
voltage switching transistors, Syl 1750, 
in a common emitter configuration. 
Each transistor drives one of the tube’s 
ten cathodes. The result is the lowest 
power visual readout available. It can 
be designed in plug-in module form 
around a standard Nixie tube socket 
with terminals provided for electrical 
connections. A typical module, espe- 
cially adaptable for direct panel mount- 
ing, has an over-all length of two inches 
and a nominal one-inch diameter. 


The new Syl 1750, specially designed 
for ‘Trixie,’ is a 40 v (minimum) 
NPN germanium alloy junction tran- 


¥ SYLVANIAS 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


DECEMBER 1959 
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sistor. Its low cost is a product of 
Sylvania’s production know-how in 
NPN transistor manufacture and long 
experience in NPN design. Syl 1750 
meets the reliability and performance 
criteria of other Sylvania switching 
transistors and matches their high- 
quality standards. It is encased in a 
JEDEC TO-5 package with the 
Sylvania welded hermetic seal for full 
protection against humidity and other 
environmental conditions. 


Call your Sylvania representative now 
for full details of the new low-cost transis- 
torized readout components. 


‘*Trixie’’ & ‘‘Nixie’’ are trade marks owned by Burroughs 
Corporation 


Sylvania Semiconductor Division 
100 Sylvan Rd., Woburn. Mass. 





sequence. Each pilot can perform up 
to 24 operations. Intervals between 
operations can be as brief as 4 sec and 
timing disks range from 0.15 to 0-360 
min. The Bristol Co. ->687 


CENTRIFUGAL BLOWERS — Twelve 
page catalog on centrifugal blowers 
illustrates typical single-blower units. 
Modifications of these designs to suit 
requirements can be accomplished by 
use of engineering data in catalog. 
Catalog features 54 flow charts, elec- 
trical specifications and dimensions on 
blowers for power frequencies from 60 
to 1000 cps (free air ratings from 18 to 
270 cfm). Air-Marine Motors, Incor- 
porated. —>688 


MECHANICAL DRIVE BULLETIN—Six. 
page Bulletin 3600 describes mechan- 
ical adjustable-speed drive which 
operates on a-c power, offers speed 
ranges up to 8:1 and is available in 
ratings from 1 to 30 hp. Bulletin gives 
engineering and application informa- 
tion, including cutaway view of typical 
unit. Possible modifications to basic 
drive include remote controls, mounting 
flanges, brakes and remote speed in- 
dicators. The Louis Allis Co. —>689 


MICROWAVE INSTRUMENTS AND 
COMPONENTS—Catalog of 120 pages 
contains information on slotted lines 


and tapered reducers, automatic im- 
pedance plotters, coaxial switches, 
transmission-line hybrids, instrument 
loads, adjustable matching networks 
and impedance standard lines. In addi- 
tion to technical descriptions, pictures, 
outline dimensions, circuit diagrams, 
and electrical and mechanical char- 
acteristics, catalog includes summary 
of data on transmission-line connectors. 
Alford Manufacturing Co. >690 


ACRYLIC-TYPE POLYMER—Technical 
Information Brochure describes Type 
PL-11 thermoplastic resin suitable for 
injection molding and extrusion. In 
mechanical and optical properties it is 
very similar to polymethyl methacrylate, 
but the heat distortion temperature of 
Baker PL-11 is higher by about 50 F. 
PL-11 may be immersed in boiling 
water for months without affecting its 
transparency. Polymer has_ superior 
craze resistance and solvent resistance 
compared to polymethyl and meth- 


acrylate. Commercial Development 
Dept., J. T. Baker Chemical Co. 691 


BEARING TESTER—Four-page folder 
describes “SmoothRator” electronic 
tester that predicts performance qual- 
ities of oil-lubricated precision ball 
bearings up to 1 in. OD. Tester reveals 
vibrational characteristics of bearings. 
Readout is by counter tube (registering 


peak signals) and meter (registering 
overall smoothness level). Can be set 
up in 10 to 15 min. and tests 60 to 100 
bearings per hr. Barden Corp. ~>692 


ANNUNCIATOR SYSTEMS — Catalog 
100€ of 52 pages provides information 
on the function of annunciators and 
their applications. Various types of 
annunciator equipment are described 
using mechanical and engineering data. 
Descriptions and engineering data on 
components is also provided, along with 
ordering information. Panalarm Div., 


Panellit, Inc. ->693 


ELECTRIC-EYE REFERENCE MANUAL— 
Booklet 571, 16 pages, describes min- 
iature electric-eye equipment for 
counting, sorting, monitoring, assem- 
bling and automatic weighing as ap- 
plied to packaging, printing and general 
production. Photomation, Inc. 694 


POTTED TRANSFORMERS—Four-page 
brochure, “Encapsulated Trans- 
formers,” describes performance char- 
acteristics and applications of two 
types of transformer constructions. 
Units are designed to custom require- 
ments from microwatt ratings to 250 
kva for both commercial and MIL-T- 
27A (Grade 2 or 5) applications. 
Electro Engineering Works. 695 

(Continued on page 240) 
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mercury to mercury relays 


Wherever foolproof per- 
formance is important, 
depend on relays that 
can't burn, pit or stick. 
Depend on mercury-to- 
mercury contacts of Ad- 
lake, rated A+ for design 
and construction. The 
Adams & Westlake Com- 
pany, Elkhart, Indiana. 
Original and Largest 
Manufacturer of Plunger- 
type Relays. 


lilustrated 


heavy duty 1101 


—87T type with compression 
terminals. 


SENDTODAYFORFREECATALOG 
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Take the Thumbs Out of Electrical Wiring 
With Improved J-M Dutch Brand Plastic Tape 


makes every job easier, faster, more economical 


Johns-Manville Dutch Brand Plastic Electrical Tape is now made even 
better! With its improved adhesive, Dutch Brand accomplishes every 
wiring job with new time-saving nimbleness. Rugged, versatile, it has 
what it takes to stick around in the “tight spots’’—conforming to irregular 
surfaces neatly without bunching. Important too, Dutch Brand Plastic is 
now packaged in money saving, economical, convenient 44-foot rolis in 
addition to the regular 20’ and 66’. 


See why Dutch Brand Plastic is best for all your wiring assignments... 
Send for “Big Four in Electrical Tapes’’, the idea booklet that illustrates 
how you can do better electrical jobs. 


Johns-Manville Dutch Brand Division 
7800 S. Woodlawn Avenue, Chicago 19, Ill. 


Jouns-MANVILLE ay | 


ad Ld 


JOHNS MANVILLE 
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SIZE 15 SERVO MOTORS—-Servo motor 
details are contained in sixteen-page 
catalog. Electrical and mechanical 
specifications, dimensional drawings, 
schematics and torque-speed curves are 
presented for servo motors, servo motor- 
rate generators, inertia-damp and ad- 
justable velocity-damp servo motors. 
Beckman Instruments, Inc., Helipot 


Div. >696 


CLOSED-END RIVET-—Rivet which is 
pressure tight up to 500 Ib psi is the 
subject of a two-page flyer. Included 
are dimensions of each size (1/8-, 5/32- 
and 3/16-in.), as well as grip ranges, 
ultimate tensile and shear strengths, 
and a table of required jaws and nose- 
pieces for setting the rivets. POP Rivet 
Div., United Shoe Machinery Corpor- 
ation. ->697 


TEST INSTRUMENTS—Any question a 


purchaser may have pertaining to 
locating, comparing, evaluating, spec- 
ifying, or procuring any one of 5300 
electronic test instruments made by 400 
manufacturers on the market today will 
be answered through use of a post-paid 
question outline form. Questions on 
subscriptions to the firm’s centralized 
source of instrument data are also in- 
vited. Technical Information Corpor- 


ation. —>698 


COMPRESSED-SHEET MICA PRODUCTS 


—Revised Catalog 25 on mica products 


/ No. appliance is 
better than ts maton 


MOTOR 


211 ASH STREET + 
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MECHANICAL INDUSTRIES PRODUCTION CO. 


AKRON 8, OHIO 
SOUTHERN PLANT: DANIA, FLORIDA 


manufactured by The Macallen Co., 
Inc.. is offered by Insulation Manufac- 
turers Corp. Materials included are 
India alkyd-vinyl] segment plate and 
India epoxy segment plate, flexible 
mica-Mylar combinations, epoxy-mica 
molded rings, and  alkyd-vinyl-mica 
molded V-rings, as well as standard 
lines. Insulation Manufacturers Corpor- 
699 


ation. 


Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
letterhead, 


manufacturers on company 


mentioning ELECTRICAL MANUFACTURING 


as your source. 


MECHANICAL RUBBER-PRODUCTS 
HANDBOOK The 68-page Handbook 
M-60 contains base polymer charts giv- 
ing resistances of vulcanates and recom- 
mendations for use under specific con- 
ditions, as well as a compound identifi- 
cation system. Actual solid rubber and 
rubber-like swatches are included, each 
with listed hardnesses. Also shown are 
18 standard 
molded products are illustrated and 


colors. Typical custom- 


over 500 standard parts are drawn to 


THE BEST 


scale. In addition, extruded rubber 
goods are shown and available sheet 
and slab-rubber stock is listed. For a 
copy of the Mechanical Rubber Prod- 
ucts Handbook, write on company let- 
terhead to Lavelle Rubber Co., 424 No. 
Wood St., Chicago 22, Il. 


SEMICONDUCTOR DIRECTORY Edi- 
tion 5 of the Allied Semiconductor Di- 
rectory includes transistors, diodes and 
rectifiers produced by 16 domestic man- 
ufacturers. Over 2100 types are in the 
directory, including high-speed switch- 
ing, high-current power, Zener and dif- 
Also in- 
cluded are micro-diodes, variable capac- 


fused junction mesa_ types. 
itors and photosensitive devices. Direc- 
tory consists of type, manufacturer and 
price. Requests for this 8-page direc- 
tory and subsequent issues may be sent 
on company letterhead to Allied Radio 
Corp.. 100 No. Western Ave., Chicago 


80, Tl. 


MOTOR-DRIVE CATALOG A 


catalog. M-592, explains in brief copy 


96-page 


and many photos and drawings the as- 
sortment of styles, modifications and 
accessories available in a line of me- 
chanical variable-speed motor drives. 
Variable-speed drive, available in ca- 
pacities from 14 through 40 hp, provides 
adjustable speeds within ranges of from 
2:1 to 10:1 from a constant-speed a-c 


Ryo 


WIRING METHOD 
BETTER... 


* SNAP-IN CORNER, TEE AND STRAIGHT-THRU FITTINGS. 
FOR COMPLETE INFORMATION ON PANDUIT- 


ENGINEERED WIRING COMPONENTS, WRITE... 


BPA DUIT CORP etewrareze avery: 
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"To keep Whirlpool first line 
requires first tare steels” —LESTER FIRST— DIRECTOR OF QUALITY CONTROL 


“Quality control is important to Whirlpool, and to maintain the highest standards we must begin with 
quality materials,” says Lester First, Director of Quality Control at Whirlpool’s Clyde, Ohio plant. 
“Through constant checking I find that Sharon is one of our suppliers we can rely on for consistently 
good steel right to our specs,” Mr. First continues. 
Leading appliance makers, like Whirlpool, know there’s no substitute for quality steel. For quality 
steel there’s nothing finer than that produced in the mills of the Sharon Steel Corporation, Sharon, Pa. 


seen SHARON Ouelty STEEL 
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For Production Runs 
to 5000 Units... 
For Cost Savings Up to 40% 


WITH NEW-IDEA ERIE “ECONO-GRID” 
PRINTED BOARD ASSEMBLIES 


If some of your electronic assemblies are short production runs, 
you can now have all the benefits of printed wiring boards at 
savings up to 40% over conventional printed board short-runs. 
ERIE “Econo-grid” Board Assemblies give you the cost-savings, 
space-savings, and uniform reliability of long-run printed circuitry. 
ADVANTAGES— 

e No tooling charge . . . because no dies are needed. 

e No artwork delays or charges . . . prompt productior. 

e Nominal set-up charge. 

e Erie's high-reliability automatic soldering technique is used. 

e Your choice of 4 types of board connectors... plug-in, wire leads, 

pins, or slip-on edge connectors. 
e Full flexibility of design and assembly. 
e Ideal for transistor circuits. 


Let us put the new ERIE “Econo-grid” printed-board-assembly 
idea and our 10 years of electronic sub-contracting experience to 
work now on your short-run products by quoting on your 
assembly requirements. We are also fully equipped to make the 
switch to conventional Printed-Circuit Assemblies when larger 
production runs are required. 


alam a ACB AE IRS 


ERIE RESISTOR CORPORATION 
Erie, Pennsylvania 
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motor source. Catalog includes specifi- 
cations, speed and rating tables. Copies 
are available by letterhead request to 
Reeves Pulley Div., Reliance Electric 
and Engineering Co., Columbus, Ind. 


ZENER-DIODE HANDBOOK — Compre- 
hensive 126-page manual contains in- 
formation on theory, design characteris- 
tics and applications of silicon Zener 
diodes. Typical chapters include neces- 
sary design information on use in regu- 
lated power supplies, surge protection, 
a-c and d-c amplifiers, temperature 
compensation and impedance cancella- 
tion. Copies are available at $1.00 each. 
Motorola, Inc., Semiconductor Products 
Div., 5005 E. McDowell, Phoenix, Ariz. 


SEMICONDUCTOR HANDBOOK — 
“Semiconductor Products Handbook,” 
HB-10, is devoted to data on RCA de- 
vices. Size is 554 x 73% and it currently 
contains over 400 pages. Loose-leaf 
book includes intended semiconductor 
uses, characteristics, typical operation, 
maximum ratings, terminal connections, 
commonly used curves plotted for solv- 
ing design problems and mechanical 
dimensions for the RCA line. Subscrip- 
tion to the handbook is $5.00 and in- 
cludes service for one year. Commercial 
Engineering, Radio Corp. of America, 
Harrison, N. J. 


MINIATURE TELEMETERING MULTI- 
CODER—Series S_ electromechanical 
coders use a wire-brush commutator 
and solid-state differential amplifier. 
Units are available in all standard tele- 
metering channel configurations and 
sampling rates both for PAM and 
PDM applications. Amplifier is stabil- 
ized against zero drift during the master 
pulse interval by stabilizing segments 
on commutator. Further information is 
available by letterhead request. General 
Devices, Inc., Box 253, Princeton, N. J. 


COAXIAL CONNECTOR MANUAL — 
Cross-reference manual provides the 
numbers assigned by leading connector 
manufacturers, large users, Bureau of 
Ships, as well as military standards, 
and matches their equivalents with 
more than 2000 stock types carried by 
Gremar. Each copy of the 46-page 
manual is registered and kept up-to- 
date by page additions and revisions 
sent to users. For a copy, write on com- 
pany letterhead to Dept. 00, Gremar 
Manufacturing Co., Inc., 7 No. Wake- 
field Ave., Wakefield, Mass. 


Posteard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on— 
¢ New Components and Materials 
Literature for the Design Engineer 
e Feature Article Reprints 
¢ Advertised Products 


ELECTRICAL MANUFACTURING 





finest alloy resistance wire 


THIS IS A 
RESISTOR 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


our own VITROHM enamel, first coat 


Built-in VITROHM reliability, from core to final vitreous 
enamel, lets you solder these resistors in and forget ’em 


They come in a tremendous variety of 
sizes, shapes and ratings, but all Ward 
Leonard VITROHM resistors have one 
thing in common: They’re built for 
maximum reliability. 

Take just one point—ceramic cores, 
for example: Made by Ward Leonard 
to exacting specs, the cores feature 
low-porosity, high-dielectric-strength 
ceramic for maximum moisture exclu- 
sion and good electrical insulation. 
What’s more, the thermal coefficient 
of linear expansion of ceramic is spe- 
cially selected to make the core com- 
patible with resistance wire, enamel 
and terminals... to prevent cracking, 
crazing, peeling, or layer separation. 


DECEMBER 1959 


And there’s thesame meticulous care 
with all the other elements that go to 
make up a finished VITROHM resistor: 
terminals, spot welded or brazed junc- 
tions, resistance wire, and last but not 
least, W/L VITROHM enamel, formu- 
lated and manufactured in our own 
modern enamel smelting plant... pro- 
vides complete electrical and mechani- 
cal protection. 

To insure reliability in your product 
... specify VITROHM’s. Write for data 
packed catalog #15, and list of stock- 
ing Electronic Distributors: Ward 
Leonard Electric Co., 34 South Street, 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada Ltd., Toronto.) 0.4 
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...and final coat 


WARD 


LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 
LIVE BETTER...£/ectrically 
FRerelO- TE ryincored Contiols Since 1892 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 


bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Ne vw 


omponents 
and Materials 


{ staff compilation of the latest developments 


design-in use in electrically operated end products . . 


screened for 


complete 


with all released specifications and available application data. 


LOW-COST SELENIUM DIODES 


Miniature plastic-encapsulated diodes 
are priced at 15 to 35 cents in pro- 
duction quantities. Temperature range, 

50 to +100 C without derating. PIV 
ranges from 50 to 400 volts at 12.5 ma. 


Case length, 0.380 in. max for all 
eight types. Diodes are color coded for 
identification. Bent pigtail and red dot 
on body of the diode give positive lead 
indication. Radio Receptor Co., 240 


Wythe Ave., Brooklyn 11, N. Y. 479 


FLEXIBLE ETCHED 
CIRCUITRY 

Flexible circuitry is offered in straight 
cables or complex wiring patterns, in 
single- or multi-layer constructions. In 


244 


Insulated copper 
conductors 


Zo 


Insulation 


ae 


as Exposed copper 
terminal 


all cases, conductors are embedded be- 
tween fused sheets of thermoplastic. 
Conductors are usually copper, but 
other metals such as brass, bronze and 
aluminum may be used. For high- 
temperature use, thermoplastic may be 
Kel-F, Teflon, Teflon-glass, or combina- 
tion of an epoxy with Kel-F. For mod- 
erate-temperature applications, Kel-F 
alone or combined with glass epoxy. 
Where temperature does not exceed 
125 C, Mylar, vinyl, polyethylene or 
polypropylene may be used. Interna- 
tional Resistance Co., 401 No. Broad 
St., Philadelphia 8, Pa. ->480 


REFERENCE DIODES 
Temperature-compensated Zener di- 
odes, offered in an axial-lead, flange- 
less package, measure approximately 


o305% voOTs 
WOmma aT OO me 
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4 x 4 in. They serve as 9.3-volt ref- 
erence sources. Temperature ranges, 
0 to +75 C, —55 to +100 C and —55 
to +150 C. Types 1N2620 through 
1N2624 have temperature coefficients 
of 0.01, 0.005, 0.002, 0.001 and 0.0005 
per cent/deg C. Dynamic impedance, 
15 ohms max at 10 ma. Motorola Inc., 
Semiconductor Products Div., Dept. 
TCZ, 5005 E. McDowell Rd., Phoenix, 
Ariz. > 481 


PRINTED WIRING JACK 

“Press-Fit” Type SKT-100 PC jack 
mounts in a metal angle-iron edging 
on a printed-circuit board. Rear right- 


angle lug fits in hole on printed-circuit 
board. Jack accepts 0.080 in. diam 
probe up to 0.250 in. long. Beryllium- 
copper contacts used in TFE-fluoro- 
carbon (Teflon) insulator body. Sealec- 
tro Corp.. 610 Fayette Ave., Mamaro- 
neck, N. Y. > 482 


SILICON-CONTROLLED 
RECTIFIER 


Rectifiers are specifically designed for 
d-c to a-c inversion, d-c static switch- 


ing, pulse-width modulation, power- 


equipment frequency conversion and 
current-limiting circuit-breaker use. 
Controlled rectifiers have 12-microsec 
max turn-off time (at 10 amp) at high- 
est rated junction temperature. Recti- 
fiers are available in piv ratings of 
100, 150, 200, 250 and 300 volts. For- 
ward currents, up to 16 amp; reverse 
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Another 


_ APPLETON 


“FIRST” 


NEW LOCKING EDGE 
ON BODY 


Special design of connector body 
locking edge bites into box wall 
and forms a constant, uniform 
seal... no welding . . . no lock- 
nut... always a positive ground! 


MORE WIRING ROOM 


No projecting threads inside box. 
No weld. Wedge adapter hugs 
box wall almost flush when 
tightened. Forms “cold-weld” 
oma No wrench needed inside 
Ox. 


NEW WEDGE ADAPTER 


Male shank of unique APPLETON 
wedge adapter ‘‘finger tightens” 
into connector body. Flared sur- 
face of adapter wedges box wall 
against locking edge of body. 
Forms full 360° contact on both 
sides of box wall. 


New Insulated Throat 


Acetate, insulating insert re- 
cessed into wedge adapter ab- 
solutely protects against wire 
damage . . . without reduction in 
throat diameter. Perfect for ex- 
treme vibration conditions. Noth- 
ing to come loose, deteriorate, 
crack, or break! 


APPLETON 


The fastest, most economical and trouble-free method yet devised 
for making liquid-tight, flexible conduit connections is yours 
with the new APPLETON “STN” Sealtite Connectors. The 
exclusive wedge adapter used with all APPLETON liquid-tight 
fittings provides a lasting “‘cold-weld” seal. The “STN” 
provides a positive ground while the adapter pulls up almost 
flush inside the box to eliminate ragged edges and leave 
maximum wiring room. The acetate insulated throat protects 
wires without reduction of throat diameter! Only one wrench 
needed to install! Constant pressure of metal-to-metal seal 
resists vibration indefinitely! Full information and 
specifications available on request. 


Patented Brass Ferrule Assures a Positive Ground ... 
Crimping Excludes Liquids & Fumes from Connection 


| 
iid 


HERE’S HOW IT WORKS 


Brass ferrule screws into spiralled inner wall of liquid-tight tubing forming 
continuous positive metal-to-metal ground. Compression nut and corinector 
body crimps ferrule into outer neoprene wall to form permanent seal 
against liquids, fumes, and other foreign matter. Threaded shank of wedge 
adapter, when held in knockout hole, ‘“‘finger tightens’’ into connector 
body. Locking edge on connector body bites into box wall when tightened 
(Y% turn of wrench) and pulls adapter almost flush with inner box wall. 
A perfect installation every time . . . quick, easy, safe! 


Sold Through Franchised Distributors Only 


APPLETON ELECTRIC COMPANY 


‘oy 


Also 


0 


DECEMBER 1959 


Wellington 


“EX” Series 
Flexible Couplings 


Explosion-Proof 
Fixtures 


Chicago 13, Illinois 


Explosion-Proof 
Hand Lamp 


Junction Unilets 
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4 SPECTROL PRECISION MECHANISMS 
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One Man, 
Black Boxes, and 
Process Control 


4 


Speeding up instream process control fre- 
quently requires more ingenuity than cash. 


Bearing on this point, Spectro! recently made 
a number of cleverly engineered black boxes 
for one of the country’s leading refineries. This 
device, known as an Indicating Process Mon- 
itor, takes inputs from flow, temperature, and 
pressure transducers, measures them and de- 
livers any necessary corrective action through 
a servo loop. The information is visually pre- 
sented on dials incorporating adjustable set 
points. Output from this Spectrol black box 
also drives a variety of data handling, display, 
and recording equipment. 


Here’s how it works, After a given physical 
quantity is transduced to a voltage, it passes 
through a difference sensing network to a 
servo-amplifer. The amplifier output voltage 
operates a motor and speed reducer which 
drives several Spectrol precision potentiom- 
eters ganged on a common shaft. The output 
voltage of one of these potentiometers has a 
linear relationship to the indicator setting and 
is used for negative feedback. The difference 
between this voltage and the transducer input 
voltage becomes the servo error signal. Rota- 
tion of the system continues until the error 
signal becomes zero and the indicator reads 
the new value of the physical quantity under 
consideration. Meanwhile, other potentiom- 
eters on the shaft send voltages to various in- 
stream control devices which raise and lower 
pressures, temperatures, and so forth until the 
process takes place at the desired rate, Static 
accuracy 1s 0.2%. 


The visual monitoring task of the observer is 
simplified by mounting the meter on an easily 
rotated chassis so that anticipated output in 
terms of arbitrary units from 1 to 100 can 
always be read with the needle in an upright 
position. This feature minimizes observer er- 
ror where several predetermined outputs are 
viewed continuously. If black box A is set at 
85, B at 40, and C at 100, the operator mere- 
ly rotates each Spectro] precision mechanism 
until the respective needle reads the value 
in an upright position. He can quickly note 
and correct any processing circuit that leaves 
boundary conditions. 
Of course, these devices are readily adaptable 
to the more esoteric tasks of reading fuel flow, 
ressure and temperature in a missile launch 
Saiheea. Here, human engineering of vis- 
ual displays is of vital concern. 
In .a nutshell, advantage of this instance of 
Spectrol’s unique approach to automation is 
a package one-fifth the size for 40% less than 
the way the refinery used to do the same job. 


More information, including a helpful 8 page book- 
let, on this and other Spectrol precision mechanisms 
designed for use as functional sub-systems is yours 
for the asking. Simply call your nearest Spectrol sales 
engineering representative or address Dept. 1712. 


ELECTRONICS CORPORATION 


Sales engineering representatives in principal cities. 


1704 S. DEL MAR AVE., SAN GABRIEL, CALIFORNIA 
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recovery currents to 20 amp for fast 
turn-off are possible; typical gate cur- 
rent to fire, 10 ma at 1.5 volts; junc- 
tion temperature range, —65 to +125 
C. General Electric Co., Semiconductor 
Products Dept., Liverpool, N. Y. ->483 


_ CLOSE-TOLERANCE 
| POLYSTYRENE CAPACITORS 


Type SW capacitors use polystyrene 
film for both dielectric and encasement. 
Capacity tolerance, +5 per cent (+0.5 


eq sw2- 10 ‘} 
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per cent available) ; stability, +0.1 per 
cent/ cycle; dissipation factor, below 0.1 
per cent at 25 C. Dielectric absorption, 
less than 0.05 per cent; capacity drift 
with temperature, —100 ppm/deg C. 
Available with working voltages of 
200 (0.01-0.56 pf), 400 (0.01-0.47 pf) 
and 600 (0.01-0.22 uf) volts d-c. Potter 
Co., 1950 Sheridan Rd., No. Chicago, 
Ill. > 484 


GLASS-BASE EPOXY 
LAMINATES 


Grades GB-28EV-2 and GB-16EV-2 lam- 
inates are similar except that GB- 
16EV-2 is made from a finer weave 
cloth that permits its use in thinner 
laminates and for finer machining. Both 
materials (available as plain sheets or 
copper-clad sheets) are designated 
NEMA G-10 laminates and meet MIL- 
P-18177B, Type GEE. Specifications 
for ¥% in. thick material: electric 
strength (ASTM Method D-229, Con- 
dition D48/50) parallel, stepwise, 60 
kv; dissipation factor (Method D-229, 
Condition D48/50), 60 cps, 0.017;. di- 
electric constant (Condition D48/50), 
5.01. Continental Diamond Fibre Corp., 
Newark, Del. —>485 


PRINTED-CIRCUIT 
INSTRUMENT RECTIFIERS 


All rectifier types in Series 160, 160-C 
and 160-ERM, either copper oxide or 
selenium, can be supplied with flat 
nickel-silver filiform leads. These leads 
are equivalent to 23 AWG solid wire 
and can be formed to fit printed con- 
ductors or turret terminals, or can serve 


as sole mounting means. Conant Lab- 
oratories, Lincoln, Neb. > 486 


HIGH-CURRENT 
RECOVERY DIODES 


Silicon-diode Types 1N837_ through 
1N845 generally follow the specifica- 
tions of Type 1N643. However, mini- 
mum forward-current specification (at 
25 C and 1.0 volt) is 100 to 200 ma. 
Recovery time, 0.3 to 0.5 wsec max, as 
measured in JAN 256 test circuit 
switching from 30 ma forward current 
to —35 volts. Typical capacity at —2 
volts, less than 4 pf; reverse resist- 
ance, 400 to 2000 megohms; operating 
temperature range, —65 to +150 C. 
Length of glass envelopes, 0.265 in; 
diameter, 0.107 in. max. Marketing 
Dept., Semiconductor Div., Hughes 
Products, Box 278, Newport Beach, 
Calif. ->487 


MECHANICALLY HELD 
25-AMP RELAYS 


A-C relays are available with up to 
24 poles for use as primary relay de- 
vices controlling contactors, solenoid 
valves and similar equipment. Standard 
control voltages: 24, 110 to 120, 208 


to 240 (50 or 60 cps), and 440 and 
550 volts (60 cps). Continuous 25-amp 
rating is non-inductive a-c. Control 
stations make but do not break coil 
current; control contacts on relays in- 
terrupt coil current. Standard enclos- 
ure, NEMA 1 for surface mounting. 
Automatic Switch Co., Florham Park, 
M2 ->488 


PRECISION RESISTORS 


Wirewound resistors, which operate at 
205 C and maintain 0.1 per cent ac- 
curacy from —65 to +-185 C are offer- 
ed. Line consists of 23 models, from 
miniature printed-circuit types of 0.10- 
watt power rating and 35 k maximum 
resistance, to axial-lead types of 2 watts 
and 3.5 megohms, and lug types of 
2%, watts and 7 megohms. Nominal 
minimum resistance and tolerances: 50 
ohms, 1 per cent; 100 ohms, 0.5 per 
cent; 200 ohms, 0.25 per cent; 500 
ohms, 0.1 per cent; and 1000 ohms, 
0.05 per cent. Lower resistances or 
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Cleaner, cooler operation... less 
maintenance... longer, trouble-free life 


HERE’S WHY: Ordinary d-c motor ventilation systems draw air in at the 
commutator end, contaminate windings by drawing carbon dust from commuta- 
tor brush wear into the machine. In the new Life-Line’ “‘H,” this air flow is 
reversed. Air and carbon dust are expelled at commutator end . . . assuring 
cleaner, cooler windings . . . longer motor life . . . less maintenance. 


Plus... these other important advantages .........0.0. 0.0.0 e ee eee ‘ie 


you CAN BE SURE...1F ITS Westinghouse 





These exclusive features of the new 


Westinghouse 


Line /h/ d-c motor guarantee 


top performance... longer, trouble-free life 


TEN TIMES LONGER INSULATION LIFE 

New silicone insulation in Westinghouse Life-Line* ‘‘H”’ d-c 
motors and generators stands up under temperatures which 
turn ordinary insulation to a cinder. High-temperature sili- 
cone insulation is used with the full complement of iron and 
copper required for low Class B temperature. Result: Life- 
Line “H” shrugs off emergency overloads and abnormal 
ambients to keep production rolling, maintenance down. 


FASTEST RESPONSE .... 35 per cent increase in com- 
mutating ability . up to 55 per cent lower mechanical 
inertia . and up to 30 per cent reduction in electrical 
inertia mean that the new Westinghouse Life-Line ‘‘H’’ d-c 
motor provides the fastest acceleration, quickest reversing 
and closest speed regulation. This means more production, 


better product quality, minimum complexity of control. 


For information about the ways you can profitably 
put the new Life-Line “‘H’’ motor to work, contact 


your nearby Westinghouse representative. Or, write 


GREATER PROTECTION .. . most complete and 
advanced protection available in dripproof industrial d-c 
machines. Elimination of uncovered side openings . . . heavy, 
cast end brackets . . . effective seals throughout .. . all 
combine to provide outstanding resistance to liquids, vapors 
and dirt. This means longer life with greater reliability . . . 
minimum maintenance under all operating conditions. 


SIMPLIFIED MAINTENANCE .. . With the new 
Life-Line “‘H,”’ maintenance is not only substantially reduced 
but periodic inspections are also greatly simplified. For 
example: as shown above, Uniforce brushholder fingers 
lock out . . . brushes can be inspected or changed with one 
hand. And Uniforce tension remains constant throughout 


brush life . . . no need to adjust pressure as brushes wear. 


Westinghouse Electric Corporation, P. O. Box 868, 
J1-22122 


3 Gateway Center, Pittsburgh 30, Pa. 
You CAN BE SURE...1F ITS Westinghouse 





closer tolerances can be supplied. Re- 


sistors meet military specifications, in- 
cluding MIL-R-9444 and MIL-R-93B. 
Hamby Corp., 7241 Eton Ave., Canoga 
Park, Calif. > 489 


MAGNETIC SHIFT REGISTER 


Model SRA-10 ten-bit register family is 
available in several repetition rates 
from 10 to 400 ke. Module has shaper- 
driver and mating connector as shown. 
Register provides output signal with 


minimum of 25:1 ONE:ZERO ratio. Low 
drive requirements permit 100 ma shift 
pulse with 5-volt peak drop across 200 
bits. SRA-10 family available in 6 or 
12 volts up to 100 ke and in 12 volts 
for the 250- and 400-ke units. At rated 
repetition rate for all ONE’s, power 
consumption is 1.2 watts. Di/An Con- 
trols, Inc., 40 Leon St.. Roxbury 15, 
Mass. >490 


PER CENT DEVIATION 
METER RELAY 


Meter monitors per cent deviation of 
voltages within predetermine’ limits 
over a range of 5 to 500 volts. A-C and 
d-c versions are available. Center-scale 
voltage values may be programmed by 
switching external resistors. Contact 
closure occurs when per cent deviation 
of programmed voltage exceeds pre- 
determined limits set on movable con- 
tacts. Accuracy is +0.15 per cent 
deviation at room temperature. Military 


i 
DEVIATION 0.6 
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Save 65¢ 


Replace expensive heavy 
nuts and jaim nuts 
with low-cost, vibration-proof 


PALNUT Lock NUTS 


All PALNUT Lock Nuts pro- 
vide attractive savings—but in 
sizes from 3%” and up, the ratio of 
economy increases dramatically. 
On many applications, Type R 
PALNUT Lock Nuts can do the 
job better, at 4% the price! 
PALNUT spring-tempered steel 
lock nuts provide rugged assem- 
bly for loads in shear and mod- 
erate tensile loads, in sizes up to 
21%” diameter. In addition, you 
get the following design and cost 
advantages: 


Above: A %”"-18 PAL- 
NUT securely fastens 
inlet nipple in airplane 
brake assembly. 


Right: A %”-20 PAL- 
NUT used on base as- 
sembly of food mixer. 


Vibration-proof assemblies without lock- 
washers. 

Save Space—need only 3 bolt threads, 
permit shorter bolts. 

Save Weight—PALNUTS weigh 65% less 
than plain nuts, 80% less than plain nut 
and lockwasher. 


Precision Made—always fit screw threads. 


e Fast Assembly with hand or power tools. 
© Sizes from #3-48 Machine Screw through 


22” American Standard Heavy. 


2 


Above: A 1”-14 PAL- 
NUT holds rear view 
mirror bracket to cowl 
of automobile. 


Write for literature and free samples, stating type, size and application. 


THE PALNUT COMPANY, 


66 Glen Road, Mountainside, N. J. 


in Canada: P. L. Robertson Co., Ltd., Milton, Ont. 


Quick, secure fastening at low cost 
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Maximum Dependability 
LOW COST 


ACTUAL SIZE 


The new T-154 relay 
is now being manufactured by 
Allied Control at Plantsville, Conn. 


General Features: 


Operate Sensitivity: 
From 90 milliwatts for 1.3 ohm coil to 160 milliwatts for 15,000 
ohm coil up to 2 Form C 
From 200 milliwatts for 1.3 ohm coil to 400 milliwatts for 15,000 
ohm coil up to 6 Form A 


Coil Resistance: Up to 15,000 ohms 
Coil Voltage: Up to 140 volts d-c 


Contact Rating: 
Low Level to 1 ampere 29 volts d-c or 115 volts a-c resistive. 
5 ampere contacts are available 


Contact Arrangement: Up to 6 Form A, B and 4 Form C 
Operate and Release Time: 7 milliseconds max. at 1 watt 
Shock: 10 9's 

Vibration: 10 to 55 cps at .062” double amplitude 
Enclosure: Dust proof and hermetically sealed 


For complete information write for Bulletin T154 


ALLIED CONTROL 


ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, N. Y. 
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versions offer +0.3 per cent deviation 
accuracy from —55 to +71 C. Fre- 
quency range for a-c meters, 50 to 2000 
eps. Voltron Products, 1010 Mission 
St, South Pasadena, Calif. 491 


MINIATURE PRECISION 
DIFFERENTIAL 

Type V15 differential available with 
shaft sizes of %s, 942 and % in., are 
available in ball and oil-less bearing 


units. Variety of stainless-steel and 
aluminum end gears are offered in 96, 
120 and 200 pitches with teeth ranging 
from 100 to 600. Static friction under 
load not more than 5 per cent; lost 
motion between any two end gears not 
more than 10 min of arc; load rating, 
10 oz-in; operation speed, 1000 rpm 
max on ball-bearing units. PIC Design 
Corp., 477 Atlantic Ave., E. Rockaway, 
Oe ee 492 


CERAMIC TRANSDUCERS 


“Hi-T” Glennite transducers are capa- 
ble of performance to the Curie point 
of 750 F. Piezoelectric transducers are 
fabricated from lead zirconate and lead 
titanate compounds. Ceramic trans- 
ducers are available in square plates 
and rods, circular disks and rods, thin- 
walled cylinders and rings, focusing 
cylindrical sections, hemispheres, as 
well as special dimensions and toler- 
ances. Standard frequency tolerance, 
+10 per cent; tolerances to +1 per 
cent are possible. Gulton Industries, 
Inc., 212 Durham Avenue, Metuchen, 
N. 2. > 493 


11-POINT STEPPING SWITCH 


Spring-driven stepping switch Type 211 
will accommodate twelve 11-point levels 
and up to four 33-point levels. It will 
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THAT'S WHY ENGINEERS 
TOSS THEIR 

AIR MOVING PROBLEMS 
TO TORRINGTON! 


i 
VRING COMPANY 


Re 
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Actual size 
of 100 mah 
button cell 


© 


Now! RCA Victor powers its 
newest transistor radios with 
rechargeable batteries made to 
RCA specifications by Gulton 


ll 


smaller size, longer life 


and ...it’s rechargeable! 


Rigid specifications of RCA Victor called for a tiny 
rechargeable battery to power two of its newest transistor 
radios. This battery had to be of sufficient reliability to 
permit advertising a 5-year warranty on performance. 
After extensive testing, it chose a “VO” sealed nickel 
cadium button cell battery which exceeded specifications. 


Makes New Designs Possible 

Powering the RCA Victor sets is only one of many new 
applications for these batteries. Imaginative engineers 
have already designed them into photoflash power packs, 
burglar alarms, missiles, aizcraft, prosthetic devices — 
wherever small size, large capacity, light weight, 

long life, no maintenance, complete reliability and easy 
recharging are desired. 


Most Compiete Line Available 
“VO” cells are available in capacities of 100, 180, 250, 500 
and 1750 mah; have a nominal 1.2 voltage; can be 
packaged in any combination to meet your voltage specs. 
Patented sintered plate construction provides exceptional 
cycling characteristics; highest capacity per unit size. 
Like more information? Write us for Bulletin No. VO-110. 
Available from stock- 


GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York 


| f Gulton Industries, Inc. 


Alkaline Battery Division, Metuchen, New Jersey, 
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operate for approximately 100 million 
steps between adjustments. Band and 
wiper contact rating (make or break), 
0.1 amp at 115 volts resistive. Contacts 
carry 3 amps. Operate time, 20 millisec 
at 25 C on nominal voltage; release 
time, 10 millisec. Contact resistance, 
0.15 ohm for phosphor bronze: 0.02 
ohm for gold plated. C. P. Clare & Co.. 
3101 Pratt Blvd., Chicago, Ill. > 494 


ACCELERATION 
INTEGRATION SWITCH 

Model 2357A mechanical device fune- 
tions as a product of acceleration and 
time for accurate switching applications. 


NC monitoring switch signals start of 
integration process (expressed as a 
product of g and time in seconds) 
which closes a NO switch at a given 
velocity. Operating ranges are 10 to 
25 g-sec over a detection input of 5-20 
g. Switch operating current capacity, 
0.20 amp for continuous duty. Giannini 
Controls Corp., 918 E. Green St.. 
Pasadena, Calif. > 495 


PLASTICS LOCKING BUSHING 


Device is used for assembling parts 
which rotate, pivot or rock. “KLIK” 
locking plastics bushing combines jour- 
nal and thrust collar into single unit. 
Collar holds moving part in place on 
bushing and eliminates need for a 


Yy 


Liisi 


Grooved 


Built-in | ole 
snap 
ring 


% Klik 


; ) bushing 4) 
— J) 


Circle 247 on page 17 > 





CSAS GVA VHOHMMWOAY 


RECISE| GAUGE CONTROL 


WO 
RQ 
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to your restricted specifications with 


J&L Cold Rolled Strip Steels 


In many critical applications, precise gauge control yields 
worthwhile savings on production costs. Not only does it 
mean increased tool life but it eliminates grinding for 
gauge accuracy and reduces quality control costs by 
minimizing inspection schedules. 


At J&L, specially designed cold mills make it possible to 
exercise precise gauge control —to your specifications. 
J&L processing techniques include the use of AccuRay 
gauges to provide exact measurements during rolling. 
Gauge accuracy is just one of the many restricted speci- 
fications which can be met consistently by J&L. 


J&L offers you an experienced organization devoted to 
strip steel processing combined with fully integrated pro- 
duction facilities. 


Wh For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 


Typical of J&L precise control is this AccuRay thickness gauge 
to help assure tolerances on cold rolled strip steels. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL * ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 





DE VINE solves impregnating separate holding device. Built-in snap 


- ° e ring, on interior surface of bushing, 
roblems in electrical industry engages groove of the axle as bushing 
p is slipped onto the axle. Fastener bush- 
fh ; oes 7 ings are available in sizes from 0.205 
ee eT ut to 0.500 in OD. M-H Standard Corp., 
to impoegaate ignition coils and 3 517 Communipaw Ave., Jersey City 4, 
N. J. > 496 


CABLE AND CONDUIT 
FASTENERS 


Two types of one-piece, right-angle 
self-locking fasteners are suitable for 
medium to light loads. Fasteners in- 
corporate both self-locking device and 





DEVINE 

EQUIPMENT OFFERS: alin ie 

Higher Electrical Tighter rife for our new at- 
Efficiency Tolerances oo Devine 

Longer Life No Danger of Hot Spots acuum ata teatthal 

Improved Insulation Faster Production Time Impregnators 


Devine designs impregnating systems to meet any electrical industry problem, 
with any degree of automation. Send your samples to our Pittsburgh laboratories 


and let Devine engineers help you determine the type and size of impregnating , . . 
equipment you require. mounting bracket in one unit, and 


attach directly to the structure without 
ren That a separate mounting bracket. Forged 


a: P. DEVINE MFG. CO. 7 or impact extruded fasteners are made 


a of aluminum alloy and use a Heli-Coil 
OSS. S402. ee ae DS (NAS1222) mid-grip stainless-steel in- 


sert. Inserts are mounted in either the 
New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-7769 outer or inner end of spacer. Various 
Export Office: 50 Church St., New York 7, N.Y. Cable Address: “Brosites”’ types of fasteners in lengths to 3 in. in 
rr __—_—_—_—_——s«C leche 248 om page 17 oe teen 0.020 in. increments are available. West- 

ern Sky Industries, Hayward, Califor- 

nia. ->497 


TEN-TURN POTENTIOMETER 


Series of % in. diam, ten-turn precision 
potentiometers feature 128 oz-in. stops. 
Temperature ranges available: Model 
7220 series with a power rating of 2 
| watts at 25 C derating to zero at 85 C;: 
Model 7230 series rated at 2 watts at 
65 C, derating to zero at 125 C. 
Resistance range of Type 7220. 10 to 
125.000 ohms +5 per cent; 7230 is 300 
to 90,000 ohms +5 per cent. Linearity, 
+0.50 per cent; best practica! line- 
arity, +£0.05 per cent. Moment of 
inertia, 0.2 gm-cm?; starting torque, 





A Deluxe Coils is daily turning out self-supporting 
ccurate and bobbin wound miniature coils for elec- 

- x tronics manufacturers. Temperature, humidity, 
Fine Wire lighting and sound are carefully controlled for 


extremely accurate winding of #48 through 


Coils #56 gauge wire. 


Deluxe Coils’ engineers work with you on design. 
Can Be to meet your specifications. Finished coils can 
be supplied with leads attached. 


Mass - Produced Write for information on production capabili- 


ties and how they can be put to work for you. 


DELUXE COILS, INC. 
POST OFFICE BOX 318 S WABASH, INDIANA 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


THEY TOOK ADVANTAGE 


OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CONTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and small bell actuators, the automatic coke 
charging system, and the alarm system... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there’s a size for every need up 
to 300VA output. There are CON- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


THREE LITTLE WORDS=logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CONTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 
snap action going from “off” to “fon” states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal for the 
solid state thyratron. They han- 
dle single loads up to 300VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
reactor which drives the solid 
state thyratron. Write for a copy. 


CONTROL Switching Reactors 
in Cutler-Hammer system 


Reliability begins with CONTROL. 


DECEMBER 1959 


A DIVISION OF MAGNETICS. INC 
DEPT. E-77, BUTLER, PENNSYLVANIA 
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r . 0.6 oz-in.; running torque, 0.5 oz-in.; 
For more reliable soldering ond less backlash, 0.6 deg. Potentiometers meet 
environmental requirements of NAS 

down time by skilled or unskilled workers 710 and MIL-R-19. Helipot Div., Beck- 
man Instruments, Incorporated, Fuller- 

ton, Calif. ->498 


FORCE CELLS 


These cells are produced with load 
ratings from 1 oz to 5000 Ib, causing 
a resistance change of ratings from 14 
ohm to 5000 megohms. On high-resist- 


SOLDERING IRONS 


ance cells with no force applied. the 


with built-in resistance in infinity; with full rated 


force, the resistance drops to a few 


ohms. Special high-accuracy cells avail- 
1) A G NA S iy T able in low-force ranges. with accuracy 
of better than one ohm in 1000 ohms 
full scale and average better than 0.1 
per cent repeatability. Clark Electronic 
Laboratories. Research Products Div.. 
Box 165, Palm Springs, Calif. >499 


temperature control 


... automatically maintains SILICONE-TEFLON 
. MAGNET WIRE 
correct soldering temperature 


Organic film-coated magnet wire for 
Here from Weller, long-time leader in the continuous operation at 250 C_ has 
soldering field—a precision soldering tool 
with built-in temperature control. Never 
overheats. Proper soldering temperature 
automatically remains constant. This means 
less tip redressing—less down time—and 
more reliable soldering by all production 
employees. Plus these other advantages: 


nickel-plated copper conductors. Wire 
may be used in transformers, solenoids, 
miniature relays and motors. Experi- 
mental transformers wound with sili- 
cone-Teflon were subjected to sufficient 
load to maintain average conductor 
temperature of 250 C and operated 


: . ’ continuously for 11,000 hr without 
© Only 4 the weight of © Cord plugs into handle— failure. Wire available in round AWG 
uncontrolled irons—reduces speeds up cord repairs : ps ; ; : 
operator fatigue sizes 15 through 36, in both single and 


@ All structural parts ar + ° 4 
ies ee , heavy film thicknesses. Anaconda Wire 
@ Saves current whenidling made of stainless steel— : 


—reduces tip maintenance _ insures longer tool life and Cable Co., Dept. EFL 25 Broad- 


way, New York 4. N. Y. >500 


@ Cool handle even under @ Precise heat controlled at 
constant load — increases proper soldering tempera- 


the comfort of production ture—eliminates “peaks” FHP MOTOR 
worker and lows 


rad te Al, ; c es 
SENSING DEVICE IS IN THE TIP... fully protected Type AO 4% in. diam motor has a 
by a sheath of stainless steel. Tip is tapered for heat stamped steel case and exposed lam- 
efficiency and premium-plated for long life. , : i ‘ 
inations. Available in 4- and 6-pole 
. : -40— design in range from 's through '% 
4 models available in “ODFLTC-40— $go0 ee eee : ese 
x Se eee hp with internal fans, and totally en- 
4 different wattages printed circetts. 
MODEL TC-55— $goo 
55 watts. Pencil 
type. 
MODEL TC-60— §$ Q°0 
60 watts. For I 


medium electrical list 
soldering. 


MODEL TC-120 §$ 
—120 watts. For 115° 
heavy electrical list 

WRITE FOR P soldering. 

MAGNASTAT 

CATALOG BULLETIN ALL MODELS HAVE 3-WIRE GROUNDING CORD. 


THES a0 te) 1G 0). ea nei 
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PUTTING MAGNETICS TO WORK 


Smaller filters ease the squeeze! 


Filter designers! First 16O-mu moly-permalloy 
powder cores pack high performance into smaller space 


Filter and inductor designers specify our 160-mu moly- 
permalloy powder cores for low frequency applications. 
Where space is precious, such as in carrier equipment 
and telemetering filters, the high permeability of these 
160-mu cores eases the squeeze. 


In many cases, 160-mu cores offer designers the choice of 
a smaller core. In others, because inductance is 28 per- 
cent higher than that of 125-mu cores, at least 10 percent 
fewer turns are needed to yield a given inductance. 


If Q is the major factor, 160-mu cores permit the use of 


heavier wire with a resultant decrease in d-c resistance. 


DECEMBER 1959 


Like all of our moly-permalloy powder cores, the 160’s 
come with a guaranteed inductance. We can ship eight 
sizes from stock, with a choice of three finishes—stand- 
ard enamel, guaranteed 1,000-volt breakdown finish, or 
high temperature finish. Further information awaits 
your inquiry. Magnetics Inc., Dept. EM-78, Butler, Pa. 


MAGNETICS inc. 
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closed or open ventilated. The Red- 
mond Co., Inc., Owosso, Mich. ~>501 


PRESSURE-CONTACT a 
TERMINAL BLOCKS POTENTIOMETER 


One-half-in. diam potentiometer Series 

RP35 for actuator service is built into 

a stainless-steel, pressure-sealed case, 
A vise-like grip on each wire of through-connected 
pairs, eliminating soldering and providing extra 
safety against accidental shocks, characterizes 
these rugged Kulka Type 9-85 Pressure-Contact 
Terminal Blocks. 


Top and bottom closed with molded plastic —no s . 
“live” metal exposed. Wires inserted from both has a stainless-steel pushrod. Potentio- 
sides. Center bridge prevents leads going all the meter is available in strokes up to 8 in. 


way through. Wires disconnected from either side : 
without disturbing opposite side. Conservatively Resistance values from 500 ohms to 20 
rated at 85 amps.; over 8000 v. breakdown test. k ohms per in. may be built. Humphrey 


2 to 12 terminals. Guide channels permit Inc., 2805 Canon St., San Diego 6, 


cutting with ordinary hacksaw to Calif. 502 
any length. Same increment of 
mounting holes throughout any 


length. 25-AMP SILICON 


LITERATURE ...Complete details on 
request. Let us collaborate on your RECTIFIERS 


terminal block needs. Fourteen stud-mount medium-current 
rectifiers (seven conventional types 
with stud as cathode and seven reverse- 
current types) are rated at a forward 
current of 25 amp in a single-phase 
circuit at 145 C stud temperature. 
KULKA ELECTRIC CORP. Series 1N2154 through 1N2160 and 
633-643 So. Fulton Avenue 1N2154R through 1N2160R are avail- 
Mount Vernon, N.Y. able with piv ratings from 50 through 

600 volts. Max one-cyle surge-current 
Circle 253 on page 17 | rating, 300 amp; leakage current at 
full load, 5 ma max for 50-volt units 
and 2 ma for 600-volt units in single- 


Why You Should phase circuit. Conform to EIA outline 


DO-5 and use 1!%¢-in. hex. General 


Insist Orn vin ices" Se 
KIRKWOOD DIRECT-MONITORING 
COMMUT ATORS | OVER-TEMPERATURE RELAY 


Device for use in monitoring three 
KIRKWOOD durable STEEL CORE or | points simultaneously, independently 
economical MOLDED CORE commutators are precision and continuously is suitable for protec- 
made for longer, efficient life. They fit right the first time. | tion of all phases of three-phase a-c 
: KIREWOOD steel and molded slip or | equipment. Product consists of mag- 

collector rings meet the same standards of quality. You . . 
can depend on them to run true, eliminating sparking netic relay, two transistor amplifiers, 
and excess brush wear, safeguarding efficiency from diode network for signal separation, 
source to load. and regulated power supply. Tempera- 
Send us your prints for estimates on | ture-sensing elments may be thermistors 
ao See ee ren a ap which are inserted at time of manufac- 
. ; KIRKWOOD commutators range from ture into electrical windings or onto 


38’ to 50” in diameter. 





KIRKWOOD COMMUTATOR core. 


4855 West 130th., Cleveland 35, Ohio 
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WHY SPACE IS 


FRONT-PAGE NEWS... 


Compact Clark Relays control 
from panel area smaller than a 


In this day of space exploration and 
space economy, it’s news—front page 
news — when you can get 72 separate, 
controlled circuits all on a panel ho 
larger than 15” x 20 


Clark Controller, with the most com- 
plete and integrated line of control 
relays available today—convertible pole, 
latch, universal pole, and time delay — 
does it! And only Clark offers such a 
wide range of operation, so many con- 
tacts, in a panel area of such small size. 


Shown mounted here with the Clark 
Size 1, Type “CY” Starter are 10 com- 
pact Clark Relays which include four 
time delay contacts (two normally open, 
two normally closed), 52 instantaneous 
contacts (14 normally open, 14 nor- 


mally closed, and 24 convertible), plus 
16 latching contacts (all convertible). 


The same engineering leadership and 
superior workmanship that made Clark 
Controller the standard of quality for 
controls in heavy industry, is inherent 
in the broad line of Clark Relays for 
modern panels. 


The “modular construction” of all Clark 
“PM” Relays insures integrated uni- 
formity, compactness and flexibility. 
Functional alignment in mounting 


72 circuits 
newspaper 


results in neater, more uniform panels 
and most efficient utilization of valuable 
space. And because “PM” relays are 
available in a wide variety of pole com- 
binations, providing up to 14 contacts 
on a single relay, you can control more 
circuits — save on relay requirements. 


For more information on the complete 
line of Clark “PM” Relays which is 
making space-saving headlines, con- 
tact your nearest Clark Controller sales 
office or distributor. Or, write direct to 
Clark Controller for free bulletins. 


or CONTROLLER 


Everything Under Control * 1146 E. 152nd St. Cleveland 10, Ohio 
IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 


Company 


ay 
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HEINEMANN CLOSE-TOLERANCE OVERLOAD PROTECTION 
LETS YOU GET MORE POWER OUTPUT FROM MOTORS 


By operating a motor at a higher running current, it is pos- 
sible and safely practicable to realize higher efficiency—if 
suitable overload protection is provided. 

Like the close-tolerance protection of the Heinemann 
Type C Overload Relay. This rather remarkable little relay 
has pretty formidable performance capabilities. It can be 
made to give time-delayed actuation on overloads as small 
as 115% running current, with high-speed response at 
locked-rotor currents of only 300%. Yet even with these 
tight parameters, there is sufficient time delay allowed for 
Starting inrush. 

And, because the relay works on the hydraulic-magnetic 
principle, the minimum and instantaneous trip points are 
free from ambient temperature effect. 


If you would like to ponder the 
possibilities of reducing the over- 
all size and costs of your equip- 
ment through more efficient motor 
utilization, you will want to know 
more about the Type C, Silic-O- 
Netic’ Overload Relay. Bulletin 
5103 has all the pertinent facts 
and figures 


HEINEMANN ELECTRIC COMPANY <> 99 Plum Street, Trenton 2, N.J. 


SA-2100 
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mechanical elements such as bearings 
or brake shoes. Three thermistors are 
then connected to relay device. Stand- 
ard factory setting trips at 450 ohms. 
Special settings of 150 to 1000 ohms 
available. Unit suitable for ambients 
from 0 to +60 C and line voltage varia- 
tions of —-15 per cent to +10 per cent 
of nominal. Power supply ratings are 
110, 208/220, 440 or 550 volts, 60 eps. 
SPST relay contacts are pilot-duty type, 
600 volts a-c max. Cutler-Hammer, Inc.. 
230 No. 12 St.. Milwaukee, Wis. —>504 


ENCAPSULATION SHELLS 
AND CUPS 

Thin-wall. 
used for encasing transformers, delay 


glass-laminated forms are 


lines and other magnetic components. 
Formed cases become part of finished 


include 
polyester, 


available 
melamine, 


product. Materials 


glass silicone, 
epoxy or phenolic. Lengths of tubing 
are available as stock items, while 
formed cases are tooled to specification. 
Stevens Products, Inc., 86-88 Main St.. 


East Orange, N. J. >505 


OIL-TIGHT PUSHBUTTON 
SWITCH 


Low-silhouette pushbuttons (Type OT2) 
are composed of operators and contact 
blocks. Pushbuttons offer shallow con- 
tact block behind panel, interchange- 
able color caps on operators, contact 
blocks for multiple stacking, and angled 
wiring terminals. Pushbuttons measure 
114 in. from front of panel to back of 


O 
. 
« 
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BUILDING 
BLOCKS 

FROM KEARFOTT 


FLOATED RATE 
INTEGRATING 
GYROS 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 


TYPICAL CHARACTERISTICS 


Mass Unbatance: 


Along Input Axis: 1.0°/ hr 
maximum untrimmed 


Standard Deviation (short term): 
Azimuth Position: 0.05°/hr - 
Vertical Position: 0.03°/hr 

Drift Rate Due to Anisoelasticity 
Steady Acceleration: 

015°/hr./g?_ maximum 

Vibratory Acceleration: 
.008°/hr./g? maximum 

Damping: 

Ratio of input angle to 
output angle is 0.2 

Characteristic Time: 

.0035 seconds or less 

Weight: 0.7 Ibs. 

Warm-Up Time: 

10 minutes from —60°F 

Life: 1000 hours minimum 


Write for complete data. 


Time Index Digitalizer 


Precise Angle Indicator 


BASIC 

SUT MOL TE 
BLOCKS 
Cee 


20 SECOND 
SYNCHRO 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS SIZE 25 


Control 
Transmitter Transformer 


Z5161-001 25151-003 


Type Resolver 
Part Number 


Excit. Volts 
(Max.) 115 90 


Frequency (cps) 400 400 
Primary imped. 400/80° 8500/80° 
Secondary Imped. 260/80° 14000/80° 
Transform. Ratio -7826 1.278 
Max. Error fr. E.2. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 


Size 8 Integrating 
Motor Generator 


Engineers: Kearfott offers challenging opportunities in 


advanced component and system development. 
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BUILDING 
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MINIATURE 
VERTICAL 
GYRO 


Provides accurate vertical 
reference in the form of 
two 400 cps synchro signals 
proportional to sine of gim- 
bals’ displacement about 
pitch and roll axes. Gravity- 
sensitive vertical refer- 
ence device provides elec- 
trical signals directly to 
torque motors which main- 
tain gyro spin axis perpen- 
dicular to earth’s surface. 
Hermetically sealed and im- 
pervious to sand, dust, sun, 
rain, salt, spray, humidity 
or fungus as specified in 
MIL-E-5272A. 


TYPICAL 
CHARACTERISTICS 


Free Drift Rate: 
Within 0.5° in one minute time. 


Shock: 
The gyro operates satisfactorily 
without damage after 60g shock 
of .015 seconds duration. 

Hermetically Sealed: 
These instrument~ >re hermetically 
sealed and are not artected by 
sand, dust, sunshine, rain 
humidity or fungus conditions. 

Operating Temperature Range: 
Gyros operate in ambient tem- 
peratures below —20°C to 
+100°C. A maximum of 3 min- 
utes of operation at 400°F will 
not damage these gyros nor 
impair their accuracy. 

Weight: 


5.5 Ibs. approximately. 


Write for complete data. 


A 


GENERAL 
PRECISION 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 
A subsidiary of General Precision Equipment Corporation 
Soles and Engineering Olfices: 1500 Main Ave., Clifton, N. J 

Midwest Office: 23 W. Colendor Ave., Lo Grange, II! 
South Central Office: 621) Denton Drive, Dolias, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadeno, Coli 
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LERCO ELECTRONICS, INC., 501 S. VARNEY ST., BURBANK, CALIF. 








one contact block with %g in. projec- 
tion in front of panel. Contact blocks 
are 34 in. deep, 22 in. wide and 1% 
in. high over terminals. Block contact 
designations: NO-NC, NO-NO, and 
NC-NC. Nylon push rods and silver-to- 
silver contacts used. Each contact block 
has two individual push rods and cir- 
cuits. Westinghouse Electric Corp., Box 
2099, Pittsburgh 30, Pa. >506 


SOLID-STATE SERVO 
AMPLIFIER 


Model 762A is a 60-cps servo ampli- | 
fier designed to drive a size 18 servo | 
| motor from synchro resolver or a-c 


potentiometer data. Unit operates di- 


rectly from 117-volt. 60 cps line. Full | 


output obtained from 100 k input of 


| 200 mv rms. Phase shift is +90 deg. 
| Damping is adjustable, error-rate. Com- 
| panion motor, 9 watts/phase, control- | 
phase wound for 40 volt C. T. Typical | 
application is in positional servos. | 


Typical loops are servo-driven indica- 
tors, multipliers, digitizers and repeat- 
ers. Connections to unit are: two for 
input, two for line power, three for 
motor. Industrial Control] Co., 805 Al- 


| bin Ave., Lindenhurst, N. Y. >507 


NEMA SIZE 5 SOLENOID 


CONTACTOR 


Designed primarily for use in motor 


| starters and controllers, these 300-amp 


a-c contactors are applicable to heater 
and lamp load switching. Double-break 
contacts enclosed in individual arc 
hoods. Extra NO, NC, or low-power 
auxiliary contacts are available. Stand- 
ard coil voltages are 110, 208/220, 440 











REVCOR 


we can keep 
you informed 
of the latest 
developments 


"AIR 
IMPELLERS 


BLOWER WHEELS 


Single and double In- 
let. Diameters from 
3-27/32"' to 1$’*. 
Widths 1” to 15”. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for all 
applications. Di- 
ameters from 6” 
through 48”, 


AVAILABLE 


ate Tala ie et i 4a) 
ing the complete 
tase le 


REVCOR 1c. 


257 EDWARDS STREET 
er Nat Bie) 4 ae ee 
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At this moment, 30,000 transistors 


are on test at General Electric 


Among the more than 30,000 transistors you 
will find right now on General Electric’s 
cycled life-test racks are Series 2N43 PNP 
germanium devices dating back to 1952. 

Each of these 2N43’s has clocked at least 
10,000 hours of operating life. This repre- 
sents five years of “power-on” operation with- 
out failure. And the “old” 43’s still live on! 

Since 1952, General Electric Company has 
produced and thoroughly tested well over 
20-million transistors. A quarter-million of 
these devices have been subjected to from 
1000 to 10,000 hours of maximum-rated-power. 


Life testing is but one of many exacting 
product quality-assurance criteria a/l General 
Electric semiconductor products must meet. 
For example, on an average, 16 separate 
quality-level tests . . . electrical, mechanical, 
environmental, as well as life . . 
every General Electric transistor. 


. are given 


Through its system of stringent quality con- 
trol, General Electric strives to continuously 
raise the stability/long-life reliability goals 
for semiconductor products—to the ultimate 
benefit of the user, the industry and the 
country at large. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 


Semiconductor Products Department, Electronics Park, Syracuse, New York 
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Reliability and quality 
eeey assured to 001" 


CTD PRECISION SECTIONAL DIES 
ASSURE QUALITY OF TEXAS 
) INSTRUMENTS TRANSISTORS 


Check the transistors in the 
next portable radio you hear, 
and chances are they’ll read 
“TI” — trade mark of Texas 
Instruments Incorporated of 
Dallas, Texas. This aggres- 
sive company supplies leading 
manufacturers of computers, 
missiles and electronic equip- 


ment. For contour ground dies 
of extremely critical tolerances, TI chooses CTD 
sectional dies to stamp the tab sheets for the ultra- 
small semi-conductor wafer assembly within the 
transistor header. ‘Reliability and quality assured 
to .001” are musts,” says Texas Instruments. 


Another example 

of the important 
production efficiency 
made possible by CTD 
precision craftsmanship 


_ means 
(leveions Joo and {J'° precision... 


Dies, Jigs, Fixtures and Special Purpose Tooling 


Send for 
brochure 


eesecriake | Cleveland Tool and Die Co. 


and 


FREE! 30510 Lakeland + Willowick, Ohio 
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and 550 volts, 60 cps. Basic contactor 
measures 10% wide x 17% high x 8 
in. deep. Ward Leonard Electric Co., 
Mount Vernon, N. Y. ->508 


WIRE-WRAP TERMINALS 


“Wrap-A-Wire” terminals are inserted 
and fastened (on printed circuits, coil 
forms, etc.) by a single square lug. 


- 


Each terminal can take one or more 
wire leads using wire-wrap methods. 
Special plating or material can be sup- 
plied to individual specification. Malco 
Manufacturing Co., Dept. EF-2, 4025 
W. Lake St., Chicago 24, III. >509 


PRESSURE-SENSITIVE 
TEFLON TAPE 


Type LT tape will adhere to a variety 
of surfaces such as wood, rubber, plas- 
tics, metals and glass. Teflon tape may 
be used as “bearing” surface and non- 
stick, non-corrosive facing on wood. 
rubber and other high-friction pro- 
ducing surfaces; also as gasket or 
gasket-facing medium. Pressure-sensi- 
tive tape available in 0.002, 0.003, or 
0.004-in. Teflon film with approximate- 
ly 0.004-in. thick adhesive covered with 
release paper backing. Supplied in 
various widths from 14 to 12 in. Ad- 
hesive is non-corrosive to metals and 
remains unaffected by temperatures to 
250 F. Dilectrix Corp... Allen Blvd., 
Farmingdale, N. Y. >510 


LIQUID ELECTROLYTE 
TANTALUM CAPACITORS 


Capacitor Types CL-15, CL-39, CL-40 
and CL-43 have ratings up to 150 yf at 
30 volts and 50 yf at 90 volts. Designed 
to meet applicable requirements in 
MIL-C-3965B and similar specifications. 
Operating temperature range, —55 to 
+125 C. Units are hermetically sealed 
and meet salt spray, shock, vibration, 
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In all four wicking and lubrication 
applications on electric motors, 
Western Felt wicks are dependable 
lubricating mediums of excellent 


quality and long life 


ubricated with 


Western Felt Wicking 


By its very nature, wool felt is almost 
automatic in its oil-delivery rate. 


Felt, unlike knitted or woven materials or 
impregnated fibers, does not wick the 
lubricant inside its fibers. Instead, the 
lubricant is held and wicked within the air 
spaces or capillaries between the fibers. 


That is why Western Felt wicks can be 
tailored exactly to the job they must 
perform—to provide optimum wicking 
height, oil-absorption, and rate of transfer. 


With absorption capacities up to five times 
original weight, Western Felts serve as 
excellent self-contained oil reservoirs. 


Western Felt’s experienced design 
engineers welcome an opportunity to work 
with you on any wicking and 

lubrication problem. 


Write for our free illustrated 
technical brochure, 
“Felt Wicking and Lubrication.” 


WESTERN 


Dept. E 
4021-4139 Ogden Ave. “oo 


Chicago 23 
WORKS 


Branches in Principal Cities 
MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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alitration 


TRANSISTORIZED 


DIRECT READING 


Stach 


provides 
nine 

eet Bey or tf 
ranges 


RANGES (Gauss) 


0-100 0-1000 0-10,000 
0-200 0-2000 0-20,000 
0-500 0-5000 0-20,000 plus 


This stable, all transistorized Gaussmeter operates on the 
Hall Principle and provides a conservative accuracy of +3% 
over-all ranges. Accuracy can be increased to +1% at any 
point between 500 and 20,000 gausses by use of special probe 
reference magnets. Response is flat when measuring magnetic 
fields from DC up to 120 cps. Correction curves are supplied 
for measurement of fields up to 400 cps. 


The Model 1295A Gaussmeter operates from 
115-volt, 50-400 cycle power line. Internal 
switching arrangement and battery holders are 
also provided for self-contained battery opera- 
tion. Compartment in back of aluminum case 
provides storage for probe, reference magnet 
and power cord. Over-all size is 11 x 7 x 12. 
Weighs 12 Ibs. Net price $420. complete. 


on Probe Reference Magnets 


REFERENCE MAGNET Unit is supplied with a 1000-gauss +34% 
probe reference magnet and one standard 
probe. Nominal probe thickness is 0.025”. An 
ultra-thin probe, measuring 0.007” is available 
on special order. Sensitive element area of 
probes is approximately 0.017 square inches. 


SEND Prices are f.0.b. Boonton, N.J. & 


subject to change without notice. 


FOR 
TECH. 
DATA 


peroneal Radio Frequency 


including 
Mon data, write oF Pe) Vee Lhe 


00. Dem- eS 


ey, 
onstrations available Boonton, New Jersey 


by local 
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moisture resistance and reduced pres- 
sure tests. Case is % in. diam and at 
ground potential. Magnavox Co., Dept. 
822, Fort Wayne, Ind. >511 


SOLID-STATE NIXIE 
TUBE DRIVER 


TND Series unit features a complete 
housing, NIXIE tube, transistor drive 
circuitry and mounting hardware. In- 
dicator may be driven by low-level sig- 


nals, such as are available from tran- 
sistor circuitry, without need for driver 
relays or external drive amplifiers. Unit 
includes up to ten transistor drive cir- 
cuits. Signals required are +4 volts for 
ON condition, 0 volts for oFrF and 
both are referenced to common term- 
inal for external bias where desired. 
Circuit may be modified to fit any exact 
signal and supply voltages. Assembly 
enclosed in case 114 in. square by 2% 
to 31% in. long, depending on type. 
Three mounting options offered: flush, 
extended or semi-extended. Power- 
supply requirements for standard units, 
180 volts and 2 to 4 ma. Transistor 
Electronics Corp., 3357 Republic Ave., 
Minneapolis 26, Minn. >512 


SOLID-STATE 
VOLTAGE MONITORS 


Model L102 monitors are solid-state 
sensors followed by amplification to 
either close or open relays, thereby 
indicating when voltage being monitored 
exceeds preset limits. Monitor range is 
5 to 40 volts d-c with response time of 
100 millisec. Repeatability of trip, 


ELECTRICAL MANUFACTURING 





A MAJOR DEVELOPMENT IN 
SOCKET CAP SCREW DESIGN! 


UNBRAKO Hd" with Hi-Life thread — 
| p the advanced fastener for the 60's 


Stronger in the head Stronger in the thread 


INCREASED 
BEARING 


NEW UNBRAKO HI-LIFE 
AREA 


a 
ROOT FORM 


OLD THREAD 
ROOT FORM 


UNBRAKO pHd design features increased bearing 
area under the head, bigger wrenching socket; 
provides up to 244 times as much holding power 
without indenting bolted material. By permitting 
higher preloading, pHd helps eliminate fatigue 
failures, reduces possibility of screws working 
loose under shock and vibration. 


New Unsrako Hi-Life thread form has smoothly 
radiused root, slightly more metal at minimum 
cross section. Result: up to 100% greater fatigue 
life, plus a bonus in added tensile strength. Only 
UNBRAKO gives you the new, larger pHd head 
design and the improved Hi-Life thread. ..in a 
standard screw at no extra cost. 


INDUSTRIAL FASTENER Division 


JENKINTOWN 9, PENNSYLVANIA $ 


*pHd stands for ‘proper head design” —a factor in higher product reliability 
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Anticipating tomorrow’s demands 
today, SPS now offers you a stand- 
ard socket head cap screw that 
incorporates both the UNRRAKO 
pHd design (1960 Series) and the 
new UNBRAKO Hi-Life thread. 


This combination gives you a 
fastener that is unequaled in 
strength and performance. Because 
of its increased bearing area and 
bigger socket, you can tighten it 
tighter without deforming screw 
or bolted material. Thus you get 
more holding power—up to 214 
times as much, in fact. And because 
of both increased bearing area and 
new radiused thread root, the 
UNBRAKO pHd Hi-Life is almost 
twice as strong in fatigue. 


The pHd head and Hi-Life thread 
—both originated by SPS—are 
tangible results of a continuing 
program of basic research in the 
design and performance of threaded 
fasteners. And they reflect to no 
little degree SPS experience in 
developing special high-strength 
fasteners for aircraft/missile use. 
Nevertheless, this new UNBRAKO 
is available to you as a standard — 
at no increase in price. For com- 
plete data, write SPS—manufac- 
turer of precision threaded fas- 
teners and allied products in many 
metals, including titanium. 


+ COTUEULELEEL 


Mmmboverbbhiksbebbdccdsd 


New Unsrako pHd socket head cap screws 
with Hi-Life thread are available now from 
your authorized industrial distributor in stand- 
ard sizes % through 1 inch, plain or cadmium 
plated. Available also with the Nylokt self- 
locking feature. NOTE: UNBRAKO pHd Hi-Life 
screws fit standard tapped holes, require no 
special gaging. 

tT.M. Reg. U.S. Pat. Off., The Nylok Corporation 
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GENERAL PURPOSE 
RELAYS 


INDUSTRIAL CONTROL 
RELAYS 


ECONOMY CONTACTORS 
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POWER RELAYS 


riers 


rte 
SMALL RELAYS 


TIMING UNITS 


MISSILE AND 
OTHER MILITARY RELAYS 


ae 


SEQUENCE RELAYS 


OF Sars 
pb Se. 
as _— 


$8 


time and trouble 


Chances are mighty good that 
Struthers-Dunn can help you avoid 
lost time, confusion and headaches in 
locating the one specific relay type 
best suited for your job. And, by 
“best suited” we mean electrically, 
mechanically, size-wise, weight-wise, 
mounting-wise and price-wise! 


relays 


With 5,348 Dunco relay types and 
adaptations from which to choose and 
with many of them available from 
stock, Struthers-Dunn relay specialists 
can match your requirements to a T— 
whatever the type and whether the 
call be for one relay, or for thousands. 

Struthers-Dunn, Inc., Pitman, N. J. 


Member, National Association of Relay Manufacturers 


STRUTHERS-DUNN 


Relay headquarters since 1923 


Sales Engineering offices in: Atlanta « Boston + Buffalo + Charlotte + Chicago + Cincinnati » Cleveland . Dallas . Dayton « Detroit 
Kansas City « Los Angeles . Montreal « New Orleans + New York + Pittsburgh + St. Louis + San Francisco + Seattle « Toronto 
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ating 


within 0.1 per cent of voltage setting. 
Relay rating 2 amp resistive; trip point 
changes less than +3 per cent (from 
+25 C) over range of —29 to +54 C. 
Available in three models: single trip 
for monitoring either high or low; 
dual trip for monitoring both high and 
low; double-dual trip for monitoring 
two separate-polarity inputs. Alto Scien- 
tific Co., Inc., 855 Commercial St., Palo 
Alto, Calif. >513 


COAXIAL CHOPPERS 


Coaxial choppers incorporate a center- 
pivot reed construction for dynamic 
cancellation of external effects of shock 
and vibration. Units may be used for 


continuous or asynchronous switching 
of coaxial signals. Driving frequency, 
d-c to 175 cps; switching frequency, 
d-c to 500 mc. Available in various 
configurations and types. Coil voltages, 
6.3 or 12.6 rms at 115 or 60 ma, re- 
spectively (at 60 cps) ; contact voltage, 
10 volts max; contact current, 1 ma 
max. Contacts, SPDT or DPDT. Oper- 
life, 2000 hr minimum. James 
Vibrapowr Co. 4050 No. Rockwell St., 
Chicago 18, III. >514 


PANEL RECEPTACLE 


Model WA-014 receptacle can be panel 
mounted without special tools. Only 
7, in. long, it is knurled to prevent 
rotation when pressed into a panel or 
insulating strip and is locked with a 
speed nut. Threaded stud provided for 
fastening terminal lug. Mating plug 
is engaged and locked in receptacle by 
14 turn. Plug insulators are vulcanized- 
fiber tubing and are furnished in vari- 
ous colors. Various sizes of plugs and 
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' Now! End Cord and* 
Cable or here 


GRIPMASTE R 


\ STRAIN 
RELIEFS 


© Permanently anchor "Tas Ma 


exterior conductors eee fc a 


© Withstand strains up ‘ss 
to 100 Ibs! a 


Low cost, easily installed - 
GRIPMASTER Strain Reliefs , 
anchor cords and cables at point of 
entry and positively prevent loosening 
of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the } 
power! Underwriters accepted. , 


al 
FOR EVERY TYPE OF CONNECTION! 
- EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


Ss Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 
Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 
BINDING SLEEVES — 


Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 
CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 





ELECTRICAL TACHOMETERS 


GENERATORS 
Alternating Current 


Direct Current 


INDICATORS 
Alternating Curent 


RECORDERS 
CONTROLLERS 


atORry STANODAROS 


The Weston Catalog: 


YOUR BEST 
“TACHS-ADVISER’”’ 


One look and you see why Weston Electrical Tach- 
ometers are a sound investment. Unequalled for 
simplicity of design, flexibility of application and 
reliability even under adverse conditions, this broad 
line of accurate, rugged, maintenance-free instru- 
ments can be fitted to existing or original equipment 
with equal ease. 

For indicating, recording or controlling functions, 
in any combination .. . for measuring speed, speed 
ratio or speed differential, from 100 rpm to 100,000 
rpm... for accuracies as high as +1/10% ... you'll 
find your best answer in Weston Catalog 03-100. 

This catalog reveals full details of available units 
including A-C and D-C generators, self-contained 
and bearingless; variety of mountings; voltage-re- 
sponsive and frequency-responsive networks; indica- 
tors, recorders, recorder-controllers and accessories. 

For your copy, or for information about engineer- 
ing assistance, get in touch with your local Weston 
representative, or write: 

Daystrom-Weston Sales Division, Newark 12, N.J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ont. Export: Daystrom Int’l., 100 
Empire St., Newark 12, N. J. 


| WESTON 
= Quit amet 


World Leader in Measurement and Control 


118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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PLUGS 
} , AND SOCKETS 


_ ) Jones Series 300 tees. Small Plugs G Sockets for 
Uses. Cap or panel mounting. 


Clamp in Cap 


@ Knife-switch socket contects phos- 
phor bronze, codmium picted. 
Ber type Plug contacts brass, cad- 
mium pleted, with cross section of 
5/32" by 3/64”. 

@ Insulation molded bokelite. 


@ All Plugs and Sockets polarized. 


seeker “tite 
Angle Grackets. 


@ Metal Caps, with formed fibre lin- 


@ Made in two to 33 contacts. 


@ For 45 volts, 5 amperes. Efficient 
et much higher ratings where cir- 
cuit characteristics permit. 


Ask for Jones Catalog No. 22 showing complete line of Electrical 
Connecting Devices, Plugs, Sockets, Terminal Strips. Write or wire today. 


HowARD B. JONES DIVISION 


CINCH 


DIVISION OF 


UNITED-CARR 


MANUFACTURING COMPANY 


xT 


, Pi eee Ek. . 
FASTENER CORP 
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ATTENTION: 


O.E.M. ENGINEERS AND PRODUCT MANAGERS 


DEVELOP NEW PRODUCTS FOR YOUR 
COMPANY TO SELL USING DURAKOOL’S 
STEEL-BODIED “NUDE” MERCURY 
TILT-SWITCHES. 


Basic uninsulated switches now 
available to designers and manufac- 
turers of equipment and wire harness 
assemblies. Many products use rubber 
or plastic casting, encapsulating or 
potting to apply these versatile low 
cost switches. 

Prices from 8% cents each. 
Capacities: 1 to 65 amperes: 6 to 
460 volts. 

Ideal for DC or AC loads. 

Sizes from .366” to .975” in diameter; 
600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053. 


Durakool 


301 Fifth Ave. So., Minneapolis 15 

4747 Bronx Blvd., New York 70 

1969 Avenue Rd., Toronto 12 

P. 0. Box 1352, Postal Station 0. Montreal 
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| by %e in. 
| values 

Julie Research Laboratories, Inc., 556 
| W. 168 St., 





CAM-LOK Div., 
Box 98, Cin- 
>515 


receptacles available. 
Empire Products, Inc., 
cinnati 36, Ohio. 


COAX CABLE CONNECTOR 

“Coaxicon” coaxial and shielded cable 
disconnect line has been expanded to 
fit a range of cable sizes up to 4 in. 


a eo 


Ca a= 


OD. Interchangeable contacts permit 
greater variation of inner conductor 
(solid or stranded) diameters in each 
cable size. Application technique re- 
quires one crimping operation for as- 
sembly. AMP, Inc., Harrisburg, Penn- 
sylvania. +516 


ENCAPSULATED PRECISION 
RESISTORS 


Nine new radial-lug and axial-wire-lead 
resistors are available with absolute ac- 
curacies from 0.005 to 0.1 per cent and 
stability of 0.003 per cent/yr. Accuracy 


9 nce 
ee . 
t' 4. 


rie. 
~~ 


over —30 to +85 C range is +0.02 
per cent. Matched sets tracking within 
0.005 per cent from —45 to +85 C 
available. Smallest size is 4% in. diam 
long. Most types offered in 


from 1 ohm to 4 megohms. 


New York, N. Y. >517 


MEDIUM-VOLTAGE 
VARISTORS 


Medium-voltage Thyrite varistor as- 
semblies are 3 in. in diameter and en- 
gineered for 1- to 10-kv systems. Non- 
linear material reduces surge voltages 
and arcing to safe limits. Medium- 
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Torrington Drawn Cup Roller 
Bearings Used in Valiant’s Alternator 


Compactness, efficiency, economy, reliability ...these are outstanding 
features of Chrysler Corporation’s exciting new small car...and of 
Torrington Drawn Cup Roller Bearings. Used by Chrysler in the Valiant’s 
new alternator system for electrical power generation, these bearings 
provide smooth, trouble-free operation and long service life without need 
for relubrication. 

Torrington Drawn Cup Roller Bearings offer performance advantages 
in all types of generators and appliance motors. The cost is remarkably 
low ... in many cases, armature bearing costs have been lowered by as 
much as 50%. For advice on the application of Torrington Drawn Cup 
Roller Bearings to your specific problems, call or write: The Torrington 
Company, Torrington, Conn.— and South Bend 21, Ind. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER 


Circle 270 on page 17 


BALL + NEEDLE ROLLERS ~ 


Ped 


Armature-mounted Torrington Drawn 
Cup Roller Bearings offer these out- 
standing advantages: 


* Highly efficient roller guid- 
ance 


* Ample provision for lubricant 
storage and circulation 


* High capacity in small cross 
section 


* Long pre-greased service life 


* Outstanding efficiency at 
high speeds 


* Easy mounting by press fit 
¢ Simple housing design 


« Low unit cost 
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New Series of Sprague Cylindrical-Style Radio Interference Filters: top row, l. to r.—4JX14, 51X94, 
1IX115, 20JX15, 50JX20 bottom row—5JX27, 1IX54, 131X113, 1]X117, 21X49, 1JX118, 


New Series of Small, Light 
Radio Interference Filters 


The new cylindrical-style radio 
interference filters recently an- 
nounced by Sprague Electric 
Company are the smallest and 
lightest filters of their type avail- 
able for military and industrial 
electronic and electrical equip- 


ment. Their basic design was 
pioneered by Sprague in order 
to achieve maximum miniaturi- 
zation. 
, This new series of standard 
filters, believed to be the most 
complete in the industry, ranges 
in current rating from 5 milli- 
amperes to 50 amperes covering 
the majority of applications. 
The natural shape of the 
rolled capacitor section and of 
the toroidal inductors dictates 
the cylindrical form. All filters 
have threaded-neck mountings 
for use on panels or bulkheads. 
This assures both the proper 
isolation between input and out- 
put terminals as well as a firm 
peripheral mounting with mini- 
mum impedance to ground. 
Listed in Sprague Engineer- 
ing Bulletin 8100 (available 
upon request to the Technical 
Literature Department) are 68 
of the more popular low-pass 
filter designs intended for use 
as three-terminal networks con- 
nected in series with the cir- 
cuits to be filtered. The excel- 


lent interference attenuation 
characteristics reflect the use of 
Thrupass® capacitor sections. 


Since maximum effectiveness 
of filtering involves elimination 
of mutual coupling between in- 
put or noise source and output 
terminals, filters should be 
mounted where the leads being 
filtered pass through a shielded 
chassis or bulkhead. The 
threaded neck mounting is de- 
signed to give a firm metallic 
contact with the mounting sur- 
face over a closed path encir- 
cling the filtered line and to 
eliminate unwanted contact re- 
sistance so that the theoretical 
effectiveness of these units is 
realized in practice. 

Typical insertion loss is de- 
termined by measurements 
made in conformance with Mil- 
itary Standard MIL-STD-220. 
Minimum curves for specific fil- 
ters are available upon request. 

For assistance in solving un- 
usual interference, rating, or 
space problems, contact Inter- 
ference Control Field Service 
Manager, Sprague Electric Co., 
at 12870 Panama Street, Los 
Angeles 66, California; 224 Leo 
Street, Dayton 4, Ohio; or 307 
Marshall Street, North Adams, 
Massachusetts. 
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voltage units are suitable for protec- 
tion of highly inductive coils such as 
chokes, reactors, d-c motor fields and 
transformers. Magnetic Materials Sec- 
tion, General Electric Co., Edmore, 


Mich. >518 


MECHANICAL DUAL 
COUNTER 


Dual-Bank instrument counters add and 
subtract simultaneously. Model Y 
counters are designed for use in navi- 
gation and tracking equipment, ma- 
chine tools and all digital readout 


equipment where plus and minus or 
North and South readings are needed. 
Dual-Bank counters use nylon wheels 
and pinions. At zero position, both 
shutters are open. When counter is 
driven forward, shutter covers minus 
bank of figures while plus bank remains 
visible, showing adding as it progresses. 
The minus bank, though not visible, 
is subtracting at same time. Available 
in right-hand or left-hand drive, clock- 
wise or counter-clockwise rotation and 
with three, four or five digits. One revo- 
lution of shaft equals one revolution 
of first wheel, or 10 counts/revolution. 
Durant Manufacturing Co., 1962 No. 
Buffum St., Milwaukee 1, Wis. >519 


PRINTED-CIRCUIT 
TRIMMING POTENTIOMETER 


“Ultrimmer’s” resistance element is 
embedded in alkyd resin. Maximum 
temperature coefficient, 25 ppm/deg C. 
Silicone-rubber O-ring seals positioning 
screw. Clutch arrangement prevents 
overtravel or jamming of slider. Trim- 
mers available in rectangular case 
styles measuring 4 x 44 x 114 in. 
Values are 200 to 150,000 ohms with 
zero end resistance and standard toler- 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION ' a” Ti] “Powrized” efficiency .. . 


through cxperience-proved ap- 
plication of Royal’s big line of 
stock molds for caps, connec- 
tors, strain reliefs . . . or with 
correctly engineered special 
designs to meet special 
7 conditions. 

“Powrized”’ dependability 
. . by employing the right 
combination of materials 
(rubber, neoprene, plastics) ; 
and the right wire making, 
molding and assembly tech- 
niques to insure end-to-end 

cord quality. 
“Powrized’’ assembly ease 
. with dimensions custom- 
SPURS © HELICALS © WORM AND WORM GEARS . 3 ized to fit your product's hous- 
STRAIGHT BEVELS © LEAD SCREWS © RATCHETS : ing and meet pull-test require- 
CLUSTER GEARS @ RACKS @ INTERNALS ® ODD SHAPES | mI ments .. . and conductor ends 
stripped, tinned or with ter- 
minals — ready for speedy 

assembly. 


iy 
TS te att) aie) PERFORMANCE WITH 


” 
1035 PARMELE ST. ROCKFORD, ILLINOIS avy (RIZED 
Circle 272 on page 17 


THE TREN D “Powrized’ merchandising 


> i ia values . . . your trademark 

5 | iT ; ; molded-in on caps or connec- 
Fa ay | tors .. . cords surface-marked 

with your brand name... spe- 

cial designs of attachments or 

strain reliefs, styled to coor- 

dinate with your product... 

also matching cord set colors. 


All these product- protecting 
values come with a “Powr- 
ized” Royal Cord Set. Our 
representative will give you 
details. 


(er Wm =) «ROYAL ELECTRIC CORPORATION 
; "oe PAWTUCKET * RHODE ISLAND 
: ; 1 7 : | In California: 
vy 3 ’ Electric Cords & Supply Corp., 
‘ to | 7 . = 


4 413 East 3rd St., Los Angeles 13 
a Lae 
‘ne 


vot 


oe 
2 ae 2 


ae - & , ts f 
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WEST VIRGINIA 
PRESSBOARD INSULATION 


Higher Quality 
at Lower Cost 


These fine pressboards are replacing 
more costly types of insulation. They 
offer uniform quality and outstanding 
dielectric, physical and chemical proper- 
ties because they are made of 100% 
virgin kraft pulp produced in our own 
pulp mill. No metallic particles! Choice 
of thicknesses makes selection easy. 


PRESSITE: An absorbent, unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natural 
kraft color. .031" to .250’’. 


ELECTRITE: A hard board with high 
tensile strength. All punchings are 
clean and smooth. Sized with natural 
rosin to resist moisture. Available in 
brown or black. .031”’ to .187”. 


DENSITE: An extremely hard board 
with great tensile strength. Sized for 
moisture resistance or unsized for ap- 
plications in oil. Natural kraft color. 
.031” to .125”. 


Ask for Underwriters’ Laboratories report 
4#E3987. Write Board Products Sales, 
West Virginia Pulp and Paper Company, 
230 Park Avenue, New York 17, N.Y. 


West Virginia 
‘Pulp and Paper 
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ances of +5 per cent. Ultronix. Inc., 
111 E. 20 Avenue, San Mateo, Cali- 
fornia. ->520 


ROTARY COMPONENT 
DRIVE UNIT 


Three types of drive unit are avail- 
able for use with rotary components 
such as resolvers, synchros, potentio- 
meters, capacitors, tuning coils, etc. 
Type PDW-1 (illustrated top left and 


right) is a precision drive, worm-gear- 
type unit using a 180:1 ratio which 
allows direct dial reading of one minute 
of are. DSD-2 dual-speed drive unit 
(illustrated lower left and right) has 
an accuracy of six min of are or better 
and features an inner dial for coarse 
positioning, an outer dial for fine posi- 
tioning, plus optional vernier scale. 
Type DSD-3 (illustrated center) is 
similar to DSD-2, but accuracy is twelve 
min of are. Acton Laboratories, Inc., 
533 Main St., Acton, Mass. >521 


400-CYCLE 
SERVO AMPLIFIER 


Type T2000 solid-state amplifier, meas- 
uring 1 x 1 x 1 in. with a voltage gain 
of 1000, has a power-output capability 
of 3.5 watts at 40 volts rms. Type 
T5000 measuring 1 7 x 1 5% x 3 with 
voltage gain of 1500 has power output 
of 6.2 watts at 40 volts rms. Type T600 
measuring 2°¢ x 134 x 334 with volt- 
age gain of 1000 has power output 
of 9.3 watts at 40 volts rms. Silicon 
transistors permit continuous rated 
power delivery at ambient of —55 to 
+100 C. Amplifiers drive Size 11, 15 
or 18 servo motor with 40-volt center- 


CUT 
RIVET 
ASSEMBLY 


with Milford’s 


Complete Line of 
AUTOMATIC 


RIVETERS 


Can be adapted to solve nearly every 
fastening and assembly problem. For 
the answers to assembly problems... 

get in touch with Milford first! 


THE MILFORD RIVET 


MILFORD, CONNECTICUT ° HATBORO, PENNA. 
ELYRIA, OHIO * AURORA, ILL. « NORWALK, CALIF. 
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In the electronic logic elements of the RCA ‘'501‘’ data processing sys- 
tem, transistors and other small components are mounted on plastic wafers 
with printed-circuit wiring (small units right and left, above). The wafers, 


en) 


oases fo 


Tae ee ee eee ee 
Sew: 2 8 


in turn, are mounted on thin plastic boards, also with printed circuits 
(center, above). This modular construction reduces size of the system by 
75%, increases reliability, reduces maintenance. 


PRINTED CIRCUITS OF COPPER AND ALL-TRANSISTOR DESIGN 
HELP MAKE 75% SIZE REDUCTION IN RCA DATA PROCESSOR 


a 
| Coes 


i 
if 


eC eae 


Modularized circuit elements are installed in the system by sliding them 
in place. Contacts on outside edge mak s 1 checkout and 


testing without removing boards. Many tho 


ITH the growing importance of miniaturization and 
Wi recliabitit: in electronics and nucleonics, Anaconda 
electrical copper products take new and varied forms—find 
new and more sophisticated uses. 

In the compact new all-transistor data processing system 
shown above, the printed circuits are etched from Anaconda 
“Electro-Sheet” copper foil. This is electrodeposited paper- 
thin copper with quality carefully controlled to meet NEMA 
specifications. Bright on one side, it has a matte finish on 
the other for a firm bond to the circuit board. “Electro- 
Sheet” is furnished in various thicknesses to exceptionally 
close tolerances. 

In other fields, the growing need for compact electrical 
assemblies which can handle high current densities calls for 
hollow copper conductors for fluid cooling. And for new 
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The ‘“ is designed to handle paper work—bills, reports, payrolls, 


etc.—accurately, economicaliy, and at extremely high speed. It serves 


businesses ranging from banks and lities to steel mil 


environmental conditions, more difficult application needs, 
there are new copper alloys. 

METALLURGICAL ASSISTANCE. Whatever your problem in elec- 
trical conductors, Anaconda metallurgical specialists will 
gladly help you select the metal—and the form or shape 
best suited to your needs. See your American Brass rep- 
resentative or write: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass Ltd., 
New Toronto, Ontario. 


ANACONDA 


ELECTRICAL COPPER PRODUCTS 
Made by The American Brass Company 


946 
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VOLTRON 


TO 

4-10 

TIMES 
GREATER 
ACCURACY 


EXPANDED SCALE 
METER-RELAYS 


Voltron and API combine the best features of their two top instruments. . 
the resulting expanded scale Meter-Relays can monitor and control any 
electrical variable that is measurable. These instruments are now the most 
accurate and reliable Meter - Relays available. 

* 10,000,000 make-break cycles, with 100% perfect contact 

* Low current and voltage inputs required 


* Eliminates problem of load isolation in measuring circuits 


* Available in 2!/2", 3!/2" and 4!/." models 


Many more advantages 
— get complete data from either firm... 


Assembly Products, Inc. 
Chesterland, Ohio 


VOLTRON 


VOLTRON PRODUCTS 


1010 Mission St. 
S. Pasadena, California 
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tapped control winding. Units operate 
from 28-volt d-c power supply and have 
10 k input impedance. Magnetico, Inc., 
T. A. Div., 6 Richter Ct., E. North- 
port, N. Y. ->522 


LOW-CURRENT RELAY 


Series 300 (microamp) relay is rated 
at 2 milliwatts. Applications include 
high-speed keying, remote control or 


battery-operated devices. Field adjust- 
able to handle currents up to 3 amp 
at reduced sensitivity. Plastic dust 
cover. Mounting: two 0.196 in. clear- 
ance holes on 214% x 2'% centers. Kur- 
man Electric Co., 191 Newel St., Brook- 
ign “22, N.Y. >523 


VARIABLE-SPEED SHEAVE 


Power is transmitted equally to both 
movable flanges of Type MCS sheave 
through a series of torsionally resilient 
rubber cam followers. Sidewall pres- 
sure on belt varies in proportion. te 


torque required to carry load. Driven 
speed is constant regardless of torque 
condition. Both flanges move equal dis- 
tance to change pitch diameter. Drive 
sheave offered in two sizes: for motors 
of 7% to 15 hp (pitch diam 5.0 in. 
min to 10 in. max) and 15 to 20 hp 
(with 6- and 12-in. pitch diam). In- 
cludes large oil reservoir for lubrica- 
tion. T. B. Wood’s Sons Company, 
Chambersburg, Pa. > 524 


TOGGLE SWITCH 


Toggle switch designed for control 
panels where appearance is important 
has chrome-plate handle with squared- 
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ELECTRICAL 
PORCELAIN 


Produced to meet your 


individual requirements 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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. Electrical Coil Windings 


For 43 years .. 


. Specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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ckage is 


Sen, can fitted with & 


are dial: CE Lal Bakelite cap nstting 

OVig Se dan ah Gade 
ying right a nc 

KEM : Sal notes ready for 

peut in a few minutes. 

The dark blue background 

makes the scribed lines 

f show up in sharp relief, 

$ vents metal glare. In- 

creases efficiency and 

accuracy. 


Write for sample 
on company letterhead 


evnen COMPANY 
© St. Louis 6, Me. 


Templates 
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he 


by 
NATIONAL LOCK 


for use on appliances 
electrical equipment 
custom cabinets 
furniture 


68-106 
PIN TUMBLER 
GENERAL UTILITY 


$8-6705 HALF MORTISE 
PLATE TUMBLER 
DRAWER AND DOOR 


68-0231 
PLATE TUMBLER 
CLIP MOUNTED 


68-0297 
CAST ALLOY 
68-3709 METAL CABINETS 


STRIKE 


68-371 
PIN TUMBLER 
SLIDING DOOR 


Write for new Catalog No. 359 illustrating and 
describing the complete line of National pin tumbler, 
plate tumbler and lever tumbler drawer and door 
locks. Key and combination locks are soundly 
engineered and constructed of finest quality materials. 


Also special locks for your special needs. 


NATIONAL LOCK COMPANY 


ROCKFORD, ILLINOIS 


Industrial Hardware Division 
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Gibsiloy CONTACTS 


reduce costs, cut maintenance, 
resist sticking & erosion on 
Pennsylvania Load Tap Changer 
Costs and maintenance have been cut on 
a Pennsylvania Transformer with load tap off corners and flat sides. Chrome-plated 
changing equipment. One good reason: jam nut fastens the 15/32-in. bushing 
Installing Gibsiloy UW-4 copper-tungsten to panel. Bat handle has 50-deg travel. 
electrical contacts. | Switch available in DPDT and 3PDT. 

Pennsylvania Transformer Division, Each circuit rated 5 amp at 125 volts 
McGraw-Edison Co., also finds Gibson | a-c; 4 amp at 30 volts d-c or 2.5 amp 
contacts resist arc erosion and sticking, at 30 volts d-c inductive. Electrosnap 
have good conductivity and long life. This Corp., 4218 W. Lake St., Chicago 24, 
means reduced operation cost for utilities | TL ->525 
buying the transformer with LTC to main- 
tain automatic voltage ‘evel. 

The same Gibson experience develop- ROTARY TRANSDUCER 
ing Gibsiloy UW-4 contacts approved by Type RK3600 transducer is designed 
Pennsylvania Transformer can solve your for use as a servo angular position 
contact problems. Send for complete tech- feedback element or for angular posi- 
nical data on Gibsiloy silver, tungsten, tion instrumentation where total shaft 
copper, nickel, palladium and other elec- rotation does not exceed 3600 deg. 
trical contacts. Contact Gibson first on Watenmechenioal transducer with vert 
your next problem. ; able-permeance circuitry is 10-turn 
Load Transfer Switch, showing Gib- See our catalog in Sweet's } model operating on 400 cps carrier 
siloy contact fingers ee Reng File or atte ( frequency. Analog a-c voltage output 

Dey Wy Cotalog C-520 ie : varies linearly (to 1 per cent) with 


angular position. At middle of 10-turn 


« © 
fibsilog Ianiudatlshaa ti al ag range, 180-deg phase reversal occurs. 
ee Nominal sensitivity, 0.05 volts/volt/rev. 
GIBSON ELECTRIC COMPANY Resolution, 0.01 per cout. Temperature 


range, —65 to +500 F ambient. Line- 
BOX 590 DELMONT, PA. arity, 1 per cent; phase shift, +15 deg 
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Transformer with Lood Tap Changer 
equipment on side 


max; mounting, Size 15 synchro type. 
Crescent Engineering and Research 
Co., 5440 No. Peck Road, El Monte, 
Calif. —>526 





TELEPHONE-TYPE RELAYS 


Type T-154 cradle relays are offered 
in four mounting variations combined 
with hermetically sealed and dust-cover 
enclosures. Relays are based on design 
previously sold by Siemens & Halske 


8000 WATTS 4 "x 4" FIRERODS Co., W. Germany. Contact rating, 2 
AT SO0O°F. 230 V., 2000 W. EACH amp resistive, 1 amp inductive; low- 


THIS STEEL DIE PROVES a Pt — ~~ - - 
FIREROD'S HIGH WATTS DENSITY | wr. 4PDT, 6PST NO. 6PST NC. 


Standard d-c coil resistances range from 


5 times more heat than any standard cartridge heater 


This 4” x 6” x 2” steel die can be heated to 500°F. in two 
minutes with four %2” x 4” Firerod units, wired in parellel 
and rated at 370 w/sq. in. A standard unit would be rated 
at about 120 w/sq. in. for the same application. 


The Secret is in the Manufacture. 


This high watts density, along with high temperature potential 

and longer life, is the result of a special manufacturing tech- 

nique that permits minimum tolerances between resistance wire 

and unit sheath—to permit rapid, highly efficient heat transfer, 

Electric Heating Units: Cartridge * Immersion « Strip 
¢ Tubular «+ Cylindrical 


WRITE for illustrated literature 


WATLOW 


ELECTRIC MANUFACTURING CoO. 
1362 Ferguson Avenue St. Louis 14, Mo. 
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SEMS 

Uae YE1-1¢ 
toothed periphery 
RETA 


FREE test-pak of P-K Sems 
and Thread-Cutting Screws 
Write to P-K today for yours 


Dome Plain Periphery - External Tooth Split Ring Washer SEMS__ | Internal Tooth Washer SEMS] Nylon Washer STAPS 
Washer SEMS Washer SEMS 


| F 


All Types of SEMS and Pre-assembled Fastener- Washer Combiitiens 


Whatever you require in pre-assembled washers... SEMS, and neoprene or nylon washer STAPS®. .. 
in thread-forming and thread-cutting tapping screws, or machine screws... with slotted, 
Phillips or Hex heads . . . P-K can supply them all through your local P-K Distributor. 


P-K SEMS reach your assembly line pre-assembled, ready for instant use. Washers cannot come 
off—can never be mislaid or misplaced—insures washers on screws...not on the floor! Double inventory 
and double parts handling is completely eliminated. 


P-K SEMS can be hopper fed for automatic driving. Inspection rejects due to omitted lock washers are 
impossible—fastenings stay tight and firm. P-K Sems assure concentric washer seating. 


STAPS® are standard P-K fasteners, pre-assembled with nylon or neoprene washers for effective control 
of leaks, squeaks, crazing and electrolysis, in all types of metal structures and assemblies. 


Your nearby P-K Distributor can meet your needs. Call him for samples and complete information. 


PARKER-KALON fasteners 


Keep American Industry at Work... Buy P-K ... made in U.S.A. 
PARKER-KALON, a division of General American Transportation Corporation, Clifton, New Jersey. Offices and warehouses in Chicago and Los Angeles. 
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aCe 
motors and 
circuits with 


MINI-BREAKER: 


17 
appliance makers 
say it really cuts 
service problems, 
adds sales spark 


PUSH-BUTTON RE-SET MODELS 
FOR CIRCUIT AND 
REMOTE MOTOR PROTECTION 


MODELS FOR SURFACE MOUNTING 
THAT RE-CYCLE AUTOMATICALLY 


Here are sure, positive protectors 
against motor burn out and dangerous 
circuit overload. But they can be factory 
set for any time lag you may desire so 
normal overloads can be tolerated 
without nuisance trips. Easy mounting 
without harness saves money. Ratings 
to suit every appliance. 


WRITE FOR NEW 
MINI-BREAKER., 


MOTOR & CIRCUIT PROTECTION. 
CATALOG 


MECHANICAL PRODUCTS, Inc 
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1.3 to 15,000 ohms. Initial contact 
resistance, 0.05 ohms max; 
strength, 1000 volts rms at sea level; 
insulation resistance, 1000 meghoms 
min. Operate-to-make time, 7.5 millisec 
max at nominal voltage at 25 C; re- 
lease-to-break, 3.5 millisec max. Special 
adjustment, depending on application, 


electric 


for minimum operate sensitivity pro- 
vides pull-in values of 80 mw for DPDT 
and 150 mw for 4PDT contact arrange- 
ments. Allied Control Co., Inc., 2 East 


End Ave.. New York, N. Y. >527 


MINIATURE 
SNAP-ACTION SWITCH 


Special terminals for printed-circuit 
insertion are featured in the $30-42B 
series switches. Switch also has positive 
- 


overtravel stop and over 50 actuator 
variations. Gold flash and other spe- 
material _ available. 
Size, 4 x 4% x | in. Rating, 10 amp at 
125 volts a-c, or 43 hp at 125 or 250 
volts a-c. Cherry Electrical Products 
Corp.. 1650 Deerfield Rd., Highland 
Park, Ill. >528 


cial contact 


DIGITAL STOP CLOCKS 


Digital a-c stop clocks may be used 
for 60 and 400 cps operations, while 
the d-c stop clocks are used for 20-30 
volt operation. Main features include 
electrical reset (for local or remote 
control or automatic operation where 
successive time intervals must be meas- 
ured). Digital readout and electrical 
reset mechanism (for fast zeroing of 
counter drums, eliminating need to pro- 
vide stabilizing time between successive 
timing operations). Stop clocks avail- 
able with AN-type mounting or a flange 
for applications where panel mounting 
space is limited. Clocks are suitable 
for applications such as calibration of 
intervalometers, controlling various 
process functions during material fab- 


for your voice 
communications 


STROMBERG-CARLSON 
TELEPHONE 
HANDSETS 


MODELS FOR 
nIANY INDUSTRIAL 
APPLICATIONS 


No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 
and transmitter. 


No. 27: high-gain version of No. 26 
handset. 


No. 28: ‘‘push-to-talk’’ handset. 
Rocker bar switch; various spring 
combinations. 


No. 29: high-gain version of No. 28 
handset. 


Typical applications: mobile radio « 
intercom systems « carrier and mi- 
crowave ° aircraft and railroad. 


Modern handset cradle for mobile 
or panel use fits 
any Stromberg- 
Carlson handset. 

Send for Bulle- 

tins T-5005 and 

T-5013. Write to 
Telecommunica- 

tion Industrial Sales, 117 Carlson 

Road, Rochester 3, New York. 


STROMBERG -CARLSON 
aovison or GENERAL DYNAMICS 
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You get an extra measure of design freedom with 
.:: POWDERED PERMALLOY FILTOROID® CORES* 


The high permeability and low core loss of pow- 
dered permalloy Filtoroid cores can remove design 
roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and flux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in- 
ductance is tightly controlled. 


the broad range of Filtoroid cores available. 
They’re made in three standard permeabilities 
150, 125.and 60—in sizes up to 1.570” O.D., all 
carried in stock for immediate shipment. 


Our engineers are ready right now to help you 
select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-1. 


There’s extra design flexibility for you, too, in shia animes Hiadatl sdbadbamen tir dnimaiancaines teaanian 


AGNETIC 
(i) TALS 


transformer laminations * motor laminations « tape-wound cores 
powdered molybdenum permalloy cores * electromagnetic shields 


MAGNETIC METALS COMPANY °* Hayes Avenue at 21st Street, Camden 1, N. J. 
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40 KV at 3 amp. 


The ripple frequency of this unit is extremely low due to 

a full wave 6 @ power supply. The model shown here is a 

130 KVA, 3 phase unit and can be furnished with either askoral or 
ordinary transformer oil.—This unitized power supply is just 

one of many special transformers and equipment that are 
custom-built by NOTHELFER Laboratories, Inc. 


Each NWL DC Power Supply is tested for core loss, polarity, 
voltage, corona, insulation breakdown and aging characteristics 
and must meet all customer's requirements before shipment. 

We shall be pleased to quote you up to 300 KV and up to 500 KVA, 
depending on your individual requirements. 


Casing & Wiring manufactured by 
Research-Cottrell Corp. 
Boundbrook, N. J. 


ESTABLISHED 1920 
sN 
NEMA 

\ SAY: NO—TEL—FER 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept.M-12. Trenton, N. J. 
(Specialists in custom-building) 
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rication, etc. Devices meet requirements 
of MIL-E-5272A. The A. W. Haydon 
Co., Waterbury 20, Conn. ->529 


MINIATURE INDICATOR 
LIGHT 

Moisture-proof indicator Series L10000 
measures 1564 in. diam and 354 in. long. 
Lamp is rated 60,000 hr at 5 volts d-c, 


0.060 amp. Lamp and lens assembly 
is molded to mounting stem. Lens avail- 
able in assorted translucent colors. 
Equipped with stranded wire leads 
and threaded anodized case, lights 
mount in clearance hole for “a No. 10 
screw. Behind panel depth is %za in. 
Hetherington, Inc., 1420 Delmar Dr., 
Folcroft, Pa. | ->530 


TURNS-INDICATING DIALS 


Models 10 and 20 tén-turn dials (illus- 
trated right and ‘left, respectively) 


| require no, panel holes for mounting. 
| Proper tu®h number is shown in win- 


pee BA 2a 


| dow while a calibrated dial registers 


partial turns in increments of 1/100. 
“Multidial” is available in 1 1%4e¢ in. 
sizes to fit 0.250-diam shafts. For 0.125 
shafts, an adapter bushing can be sup- 
plied. Spectro] Electronics Corp., 1704 
So. Del Mar Avenue, San Gabriel, 
Calif. >531 


LOW-DENSITY 
RESISTOR ALLOY 


Precision resistor material possesses 
electrical resistivity of 815 ohms/cmf 
at 20 C and a temperature coefficient 
of resistance within +0.00001 ohm/- 
ohm/deg C (+10 ppm) from —65 to 
+150 C. Alloy is used in manufacture 
of precision wirewound resistors and 
potentiometers. Alloy 815-R is modified 
iron-chromium-aluminum composition 
containing small percentages of several 
other elements. Breaking strength, 15 
gm approx for 0.0005-in. diam, 120 gm 
for 0.0015-in. Elongation, 6 per cent in 
10 in. for 0.0005-in. diam wire, 15 per 
cent for 0.0015-in. Corrosion resistance 


| (average weight loss after 1 hr in 10 
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“Everybody’s better off with 


a 


“Take me, for example. RA-GRID’s easy to handle and 
install, and I get a bonus in customer satisfaction. 
They like its looks ... its reliability ... its 100% effi- 
ciency (it converts every bit of energy they pay for 
to usable heat). And they like to be worry-free when 
there are kids or pets around. RA-GRID is the only tem- 
pered glass heater plate with permanently fused 
aluminum circuit. That means strength, safety and 
lots of service. You can get RA-GRID in the widest 
range of sizes and types—just by calling your local 
jobber ... or the nearest American-Saint Gobain 
district office.” 


AMERICAN-SAINT GOBAIN 
CORPORATION 


Dept. EM-I!. 625 Madison Avenue, New York 22,N. Y 
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@ It will pay you to investi- 


gate Star Lavolain for parts 
which must provide excel- 
lent mechanical strength 
plus good thermal shock 
resistance. 

Lavolain’s high dielectric 
strength at elevated tem- 
peratures makes it ideal for 
small rods, bushings, and 


ety of electrical products. 
Available in various colors 
to conceal assembly stains 
or to identify parts. Star 
Lavolain ball and socket 
insulating bushings are 
stocked in 13 standard sizes. 
Complete details are avail- 
able on request. 


Th STAR Porcelain Company 


34 MUIRHEAD AVENUE 


DECEMBER 1959 


TRENTON 9 
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‘ALL TYPES 


Bowmar designs and produces all kinds 

of precision counting and indicating de- 
| vices to all specifications for all indi- 
cating applications. A few general types 
offered include heading and azimuth, 
latitude-longitude, decimal and impulse 
counters as well as unlimited special 
designs. Although Bowmar has standard- 
ized dozens of counting devices, all may 
be modified for new requirements. 
Counting configurations, light weights, 
small sizes, high speeds and special 
mounting hardware are among many fac- 


| tors which can be varied to accommo- 
| date new needs. 





LONGITUDE COUNTER 2216. Pro- 
vides true indication of longitudinal 
position; Input speed: 1000 rpm max. 
int., 300 rpm cont.; Weight: 6.1 oz.; 
Length: 2.87 in. Typical of man 

Bowmar designs currently bein 

manufactured. 


MINIATURE DECIMAL COUNTER 2416 
with servo type mounting). Counts 
‘om 000 to with return to 000. 

Input speed: 1500 rpm max. int., 

500 rpm cont.; Weight: .5 oz.; 


Length: .685 in. Typical of man 
Bowmar designs currently being 
| mMonutactured. 


ALL SIZES 


ALL QUANTITIES 


Y BOWMAR 


ANGLE COUNTER 1503. Counts from 
000.0° to 359.9° and returnsto 
000.0; Input speed: 1800 rpm mox. 
int., 500 rpm cont.; Weight: 2.5 oz.; 
O.D.: 1.310 in. Typical of man 


Bowmar designs currently being 
manutactured. 


MINIATURE LATITUDE COUNTE 
2417. Counts from 00°00'N to 
90°00'N or S, with permissible over- 
run of 10°; Input speed: 1500 rpm 
max. int., 500 rpm cont.; Weight: 1.5 
oz.; Length: 1.59 in. Typical of man 


Bowmar designs current ein 
manutactured. 


SPECIAL DECIMAL COUNTER 2660. 
Counts from 000000 to 999950 with 
return to 000000, in 50-unit incre- 
ments. Input speed: 1000 rpm max. 
int., 300 rpm cont.; Weight: 3 oz.; 


Length: 2.33 in. Typical of man 
Bowmor designs currently being 
Manufactured. - 


SEND NOW FOR DATA PACKAGE NO. 1258, WHICH 
DESCRIBES COUNTING DEVICES ABOVE IN DETAIL 


REPRESENTATIVES IN PRINCIPAL U. S$. AND CANADIAN CITIES 
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BARBER 
COLMAN |) 


a-c gmall motore 


low cost..rugged 
and accurate... 


a-c 
tachometer 
generators 


Here’s a design tip that can save 
you money with no compromise in 
product quality! Barber-Colman 
reversible motors perform efficient- 
ly as dependable a-c tachometer or 
rate generators. Voltage is nearly 
linear in the range of 1000 to 3000 
rpm and is usable beyond these 
speeds with but slight additional 
loss of linearity. Generated voltage 
is of the order of two volts per 
thousand rpm and can be increased 
to the order of 10 volts per thou- 
sand rpm with shading coils of 
higher impedance. Write for Bul- 
letin F-9256 with performance 
curves. 


low cost...reversible 
servo motors 


Compact, powerful . . . for servo- 
mechanisms, remote switching and 
positioning devices, recording in- 
struments, voltage regulators. 
Adaptable to a variety of control 
circuits (including control from 
vacuum tube and transistor ampli- 
fiers) for power requirements up 
to 1/25 hp. Write for Catalog R1. 


low cost...unidirectional 
blower motors 


High-quality, precision-made 
motors that give long, trouble-free 
service for driving blowers and 
fans. Low noise level . . . long-life 
alignable bearings . large oil 
reservoirs . . . high starting torque. 
Ratings up to 1/20 hp. Write for 
Catalog U1. 


BARBER-COLMAN COMPANY 
Dept. X, 1203 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls °* Industrial Instruments °* Aircraft Controls 
Electrical Components ° Air Distribution Products ° Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools °* Textile Machinery 
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per cent HC] at 140 F with agitation), 
4.5 per cent. Material available drawn 
to standard wire sizes from 0.0031 to 
0.0005-in. diam, bare or insulated witk 
oleo-resinous, polyester-base and poly- 
urethane enamels. Hoskins Mfg. Co., 
4445 Lawton Ave., Detroit, Mich. +532 


THERMOSTAT FOR WYE- 
CONNECTED CIRCUITS 


Series of hermetically sealed, three- 
phase precision thermostats are actu- 
ated by snap-acting, bimetal discs and 
are fixed-temperature set within —65 


to +300 F range. Switch action of 
Type 2862 is three-circuit, SPST and 
NO or NC. Operating temperature 
tolerance, open +8 F, closed +5 F; 
minimum normal temperature differen- 
tial, 20 F; temperature exposure limits, 

65 to +325 F. Electrical rating, 208/ 
115 volts a-c, 60-400 cps, 3-phase, 10- 
amp resistive, 6000 operating cycles. 
Metals & Controls, 34 Forest St., Attle- 
boro, Mass. >533 


MULTI-POLE 
SAMPLING SWITCHES 


“Scanalog” Series of mechanical com- 
mutators .are mounted in packages 
which interlock to allow from 24 to 90 
contacts in one to six poles to be as- 
sembled in one of two basic frame sizes 
(1.500 and 1.875 in. diam). Multi- 
contact wipers designed for low-level 
signal sampling are mounted on out- 
put shaft which connects to driver 
through precision Class II gears. High- 
performance 400-cycle or regulated d-c 
rotary devices drive commutator. Three- 
pole, thirty-channel Scanalog _ illus- 
trated. Fifth Dimension Inc., Princeton 
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Experience — the added alloy in Allegheny Stainless 
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7 ALL STAINLESS GRADES 
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What are your needs in Seamless Tubing? 


A-L offers widest range of materials and large 


diameters with walls as thin as .032”. 


Here is the widest range in materials in stainless seamless 
tubing available anywhere to meet your exact requirements 
and solve high-temperature or corrosion problems and 
save you money. 

Allegheny Ludlum makes seamless tubing in all stainless 
grades including 309, 317, 318, 310, 416 and 446—normally 
difficult to obtain. Also available in high-strength alloys 
such as A-286, in vacuum melted steels, and in custom 
analyses grades such as low cobalt with .01 or .05 max. and 
small boron additions to standard types. 

A-L also makes composite tubes with bonded combina- 
tions of carbon and stainless and other metals for special 
chlorine-corrosion applications in process equipment. 


75290 


Allegheny Ludlum Stainless Tubing ranges from *%’’ OD 
to 3%’ OD with wall thickness ranging from .013’’ to 
.375'’—typical of the sizes that A-L can produce. For 
certain applications, .500’’ walls are possible. Some stand- 
ard sizes in stock are 22’’ OD—.032”’ walls, 3’’ OD—.042” 
walls and 34’’ OD—.042” walls and 3%’’ OD—.058” walls. 
All sizes with true circularity, no dents or handling marks. 

A-L Tubing is also available in small quantity orders, in 
random or cut lengths. Standard grades and sizes in stock 
throughout the country. Call your nearest A-L representa- 
tive for all the help you need. 

Allegheny Ludlum Steel Corporation. Oliver Building, 
Pittsburgh 22, Pa. Address Dept. EM-24. 


NEW! FREE—Write for your copy of 
Allegheny Ludlum Stainless Tubing— 
32-pages of technical data, grades and 


suggested applications. a TT 


ALLEGHENY LUDLUM 


Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS... 
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Circle 294 on page 17 





HAZE LTI NE relies on Photocircuits 


“Tuf-Plate” plated-thru holes 


HEART OF ADVANCED 
AIRBORNE RADAR 


Strategic military decisions 
stem from reliable knowledge 
of an entire situation. To 
gather reliable information, 
our nation depends on airborne 
radar. 


Hazeltine’s universal radar 
indicator...the advanced 
AN/APA-125...displays signal 
data of many types: Submarine 
detection, AEW, IFF, AMTI, 
LAB, beacon and others. With 
this electronic plotting board, 
an operator can plot any tacti- 
cal problem and accurately 
interpret the solution for 
evaluation and action. 


For the compact, lightweight 
AN/APA-125, Hazeltine speci- 
fies space-saving, double-sided 
printed circuit boards with 
“TUF-PLATE” plated-thru 
holes by PHOTOCIRCUITS. 
Here is reliability never before 
possible in two-sided thru 
circuitry. 


“TUF-PLATE” reliability is 


guarded by rigid process engi- — 


neering controls, developed by 
PHOTOCIRCUITS and 
unmatched in the printed 
wiring industry. Proper design, 
precision production and 
advanced quality control 
techniques assure consistently 
dependable performance... 
often at lower cost. 


Get the detailed““TUF-PLATE” 
story today from PHOTOCIR- 
CUITS...the largest and most 
experienced manufacturer in 
printed circuitry. Write our 
Engineering Department PS-3. 
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GLEN COVE 4-8000 FLUSHING 7-8100 | 
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CABLE 
PHOCIRCO 


Research Park, No. Ewing St., Prince- 
ton, N. J. >534 


ARMORED 
SELF-GROUNDING PLUG 


Automatic — self-grounding _ electrical 
power connector has a_ polarized 
grounding blade with a chisel-edge. 
When plug is inserted into standard 





ADE DEFLECTS 
7 BEYOND BASE UNE 
APM PART NO N-UP-I2IM 


2-hole receptacle, grounding blade de- 
flects to one side and chisel-scraper 
makes grounding contact with recep- 
tacle faceplate. When flat armored plug 
| is inserted into a 3-hole receptacle, 
| automatic blade registers with ground- 
| ing hole. Connector is rated 125 volts 
| at 15 amps to 250 volts at 10 amps. 
| Unit meets applicable military require- 
ments, including MIL-C-3767A, MIL- 
| C-3767/3 and MIL-C-3767/4. A. P. M. 
| Corp., 252 Hawthorne Ave., Yonkers, 
ie >535 


MICRO-ELEMENT RESISTOR 


| Wafer elements are 0.35-in. sq and 0.01 
in. thick. Single- or double-sided resis- 
tors can be designed. Each 50-milligram 
element contains four resistors, two on 


each side, for a packing density of 
500,000 parts per cu ft. Resistance 
values are 10 ohms to one megohm. 
Illustrated wafer contains two resistors 
on each side. Photograph is retouched 
to clarify isolation lines. Daystrom- 
Weston Sales Div., Daystrem, Inc., 614 
Frelinghuysen Avenue, Newark 12, New 
Jersey. —>536 


TRIMMING POTENTIOMETERS 


The resistance range of Model 200 
Trimpots has been expanded to cover 
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2... made more useful 
by MACALLEN 


Mica’s inhefently high dielectric strength is made available in the widest 
variety of shapes, sizes, and thicknesses by MACALLEN. This complete 
selection is a logical result of MACALLEN’s more than 60 years of 
close cooperation with the electrical industry . . . helping in the solution 
of insulation problems of every type. You'll find the best, most economi- 
cal solution to your insulating problem in our Catalog 25. Send for 
it today. 


MAIGAIAREN 
MIIGA 


¢ ALL FORMS ¢e ALL QUANTITIES 
e ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
CLEVELAND: 1231 Superior Ave. 
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Whatever Your Field 
Check DE-STA-CO 
for Stampings with the Plus 


ELECTRICAL HEATING—COOLING 
ELECTRONIC oA A 
PHOTOGRAPHIC 7 


10 ohms to 100 k ohms. Model 200 dis- 
sipates 0.25 watt at 70 C; operating 
temperature, —55 to -+-105 C; resolu- 
tion, as low as 0.17 per cent; mechani- 
cal life, in excess of 25,000 shaft revo- 
lutions. Three terminal types available: 
Stranded insulated leads, solder lugs 
and printed circuit pins. Bourns, Inc., 
Box 2112, Riverside, Calif. >537 


MINIATURE CONNECTORS 


Connector Series SM25 and SM75 with 
29 and 75 contacts are available with 
reversed guides or polarizing screw- 
locks. Electrical and mechanical rat- 
ings meet or exceed applicable para- 
graphs of MIL-C-5015 and MIL-C-8384. 





HARDWARE 
AUTOMOTIVE 
AIRCRAFT 


DE-STA-CO—stampings since P eS . 


1916—today THE name in 
toggie clamps 


= 


——— 
De-Sta-Co hos been recognized for over / Current rating, 5 amps; voltage break- 
25 years for its leadership in the field of - down at sea level, 1900 volts rms; 
production clamping devices. Today, our solder cup, AWG 20 wire. Contacts are 
engineers ore creating improved and special | ¢ s 
phosphor bronze with gold plate over 


toggle clamps to meet your specialized - . : 
production problems in every field. Over 130 silver plate. Body material is glass- 
models, types and sizes, stocking distributors oe filled diallyl phthalate. Aluminum 


everywhere. Send for catalog. hoods, protective shells and solder-core 
contacts are available. Electronic Sales 
Div., DeJur-Amsco Corp., 45-01 North- 
ern Boulevard, Long Island City 1, 


: . N.Y. ~ 
Our range of stamping production has made De-Sta-Co known as ’ *538 


an important source from coast to coast. We're regular suppliers 
to the most widely diverse industries—electrical, electronic, 
photographic—refrigeration, heating and ventilating—hardware, 
automotive, aircraft. All of these require top quality—and we take 
off our hats to none—but in addition to quality they want De-Sta- 
Co’s other pluses: service, integrity, modern equipment, second 
operation facilities, ample inventories of all common and many 
unusual materials. Our know-how is as extensive as you'll find 
in the business and the big pluses we give you gratis! 

Next time, check with De-Sta-Co for stampings, prices and 
PLUSES! Prints, samples or detailed letter will get you fast 
results. Qualified representatives from coast to coast. Write for 
the name of the De-Sta-Co man in your area. 


De-Sta-Co is widely known for toggle clamps, stamp- 
ings, precision washers, spacers, shims, shim and 
feeler stock, blower housings and marine specialties. 


GENERAL-PURPOSE 

SEALED RELAY 

Series 3005 relay meets overload rup- 
ture, vibration and minimum current 
requirements of MIL-R-6106-C. Relay 
operates with 4PDT contact switch 
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Easy-to-use, low cost, precision 


FREQUENCY, 
TACHOMETRY 
TS] 


-hp- SOOB Electronic Frequency Meter 


Model 500B is a rugged, precision instrument widely used 
for direct-reading laboratory or production line measure- 
ments of ac frequency from 3 cps to 100 KC. With -hp- 
508A-D Tachometer Generators or -hp- 506A Optical 
Tachometer Pickup, the 500B also provides direct tachom- 
etry readings. 

Typical applications include rf signal beat frequency com- 
parisons, crystal frequency deviations, audio frequency and 
FM measurements, oscillator stability, machinery rotational 
speed, average frequency of random events, checking vibra- 
tion or torsion in gear trains, etc. 


Model 500B has an expanded scale feature permitting 


any 10% or 30% of selected range to be viewed full scale. 
It also offers a pulse output synchronous with an input pulse 
for measuring FM components of input signals or syncing 
a stroboscope or oscilloscope. Readings are independent of 


line voltage, input signal or vacuum tube variations. 
$285.00. 

-hp- 500C Electronic Tachometer Indicator 
Model 500C is identical to 500B except for meter calibra- 
tion which is in rpm for greater convenience in tachometry 
measurements. With appropriate -hp- transducers (506A or 
508A-D series), -hp- 500C will measure rpm from 15 to 
6,000,000 rpm in 9 ranges. $285.00. 


-hp- Rotational Speed Transducers 


NO MECHANICAL CONNECTION 


-hp- 506A Optical Tachometer Pickup meas- 
ures speeds 300 to 300,000 rpm of moving parts 
which have small energy or can not be con- 
nected mechanically to measuring devices. Em- 
ploying a phototube and operated by reflected- 
light interruptions from light and dark areas 
on a shaft, -/p- 506A may be used with -/p- 
500B Electronic Frequency Meter, -Ap- 500C 
Electronic Tachometer Indicator, -hp- 521 
and 522 Electronic Counters, and similar in 
struments. Output voltage is 1 volt rms mini- 
mum into 1 megohm;; light source is a 21 can- 
dlepower, 6 volt automotive bulb; phototube 
is Type 1P41. $125.00. 


HEWLETT-PACKARD COMPANY 


4870M PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK"’ « DAVENPORT 5-445] 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


MECHANICAL CONNECTION 
-hp- 508A/B/C/D Tachometer Gener- 


ators are for use with electronic count- 
ers or frequency meters in rpm meas- 
urements from 15 to 40,000 rpm where 
direct mechanical connection can be 
made to the rotating part under meas- 
urement. -/p- 508A produces 60 output 
pulses per shaft revolution. When con- 
nected to an indicating instrument cali- 
brated in rps, it permits direct readings 
in rpm. Relationship between output 
voltage and shaft speed is virtually linear to 5,000 pps, simplify- 
ing oscilloscope presentation of shaft speed as a function of time 
for analyzing clutches, brakes and acceleration rates. 
-hp- 508B, C and D are identical to -hp- 508A except output is 100, 
120 and 360 pulses per revolution respectively, and output voltage 
peaks at successively slower shaft speeds. -/p- 508A, B, C or D, 
$100.00. 


Data subject to change without notice. Prices f.0.b. factory 


Uy, Ask about new -hp- 200 KC oscilloscope —*435”° 
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FURNAS ELECTRIC 
MANUAL STARTER 


2-3-4 Poles 


Sizes 0 and 1; 712 HP, 
AC—2 HP, DC 


Compact & Simplified 
Visible Contacts 


Pressure Terminals for 
Quick Wiring 


Positive Snap Action 


Trip-Free Thermal 
Overload Protection 


Exclusive "FURNAS FIRST” features 


e SUPERIOR ELECTRO-MECHANICAL LIFE— 


Only two moving parts—floating toggle and spring replace complex linkages. 
Unitized frame and arc box, silver-cadmium oxide contacts. 


es DIRECT-ACTING THERMAL OVERLOAD— 


Trip-free melting alloy type assures reliable motor protection, opens contacts 
independent of toggle. Second overload unit snaps into place on single- 
phase starters. 


we “JOG-RUN” SERVICE ACCESSORY— 


First manual starter with a Jog-Run accessory, for fast, easy positioning. 


General Purpose Flush Type 


Woter-Tight Open Type 


Write today for Bulletin 11-B1, 1024 McKee St., Batavia, Illinois A56 


FURNAS ELECTRIC COMPANY 


BATAVIA, ILLINOIS 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 


ooh ae i 
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combinations at 10 amp. Unit has 
vibration resistance of 15 g to 1000 
cps plus 10 g from 1000 to 2000 cps 
and is applicable for operation in 
ranges of —65 to +120 C. Standard 
coil voltage, 24 to 28 volts d-c; also 
available with rectification network for 
operation to 400 cps a-c. Standard 
screw-type terminals illustrated; also 
available with potted-type leads. Guard- 
ian Electric Mfg. Co., 1621 W. Walnut 
St., Chicago 12, II]. ->539 


STANDARD 
POWER-CONTROL UNIT 


Unit uses solid-state thyratrons and a 
control amplifier which requires only 
power and load connections, and can 
be controlled in an open- or short- 


circuit mode of operation from a variety 
of signal sources. Power-control unit is 
suitable for applications where adjust- 
able voltage (d-c or a-c power) is 
required, for d-c motor-speed contro] 
and similar applications. Unit controls 
up to 3 kw. Multiple isolated inputs 
are provided by magnetic-control am- 
plifier. Control Div., Magnetics, Inc., 
Butler, Pa. >540 


HEAVY-DUTY 
SAFETY SWITCHES 


The QMQB safety switch, incorporat- 
ing the quick-make, quick-break prin- 
ciple, is rated from 400 through 1200 
amp and has a 100,000 amp interrupt- 
ing capacity when current-limiting fuses 
are inserted. Switches are manually 
operated circuit interrupters employing 
circuit-breaker-type operating mechan- 
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MASS PRODUCTION 
Ceramic Parts 


Centralab 


is your finest source 


Intricate precision ceramic engineering is only 
half the story at CENTRALAB. Many ceramic units 
do not require exacting tolerances and intricate 
machining; and CENTRALAB produces these in 
quantity, too. 


CENTRALAB’s unsurpassed facilities—specialized 
automatic presses, five continuous kilns, highly 
skilled and experienced production and engineering 
staffs—are your assurance of fast delivery and 
favorable prices, meeting your requirements for 
both quantity and quality. 


The CENTRALAB Ceramic Design Handbook fully 
describes the properties of High Alumina and 
Steatite ceramics, and the design considerations 
in their use. Write for your copy, or consult 
Sweet’s Product Design File (folio 4a/ce). 


BECUNION INC 
moe L E. KEEFE AVE UE eo | MILWAUKEE 1, WISCONSIN 
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MOST RELIABLE even through fast-cycling, 


continuous 24-hour schedules. 


all steel, mercury 


Tilt Switches 


Contacts are sealed in hypressure hydrogen 
gas (50 psi). Operate under heavy or light 
loads, including inductive and tungsten. 7 sizes, 
1 to 65 amperes 


Timer and Quick Relays 


Service and shelf life increased many times 
former models. Free floating plunger design 
practically “fail safe."’ Available in any combina- 
tion of operate-release time delays from 0.15 sec. 
to 20 sec.—normally open or closed actions 
Coil Coil 
Energized De-energized 


Tilted Down 
ON 


Tilted Up 
OFF 


For more information write 

4747 Bronx Bivd., New York 70 
1969 Avenue Rd., Toronto 12 

301 Fifth Ave. So., Minneapolis 15 


P.O Box 1352, Postal Station 0, Montreal 
Circle 301 on pcge 17 


THIS SPOOL! 


SOLDER 


Kester FLtux-Core SOLDER is 
always first choice with those 
who know solder. They like 
the way it helps keep produc- 
tion costs in line, speeds as- 
sembly, assures dependable 
performance. Yes, American 
industry is sold on Kester... 
how about you? 


WRITE today 
for free 78-page 4 
Kester technical 


soa (TID KESTER SOLDER COMPANY 


aaa a 4209 Wrightwood Avenue « Chicago 39, Illinois 
: mesten Newark 5, New Jersey « Anaheim, Cal. * Brantford, Canada 


Over 60 Years’ Experience in Solder and Flux Manufacturing 
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ism in conjunction with fuses. Federal 
Pacific Electric Co., Newark 5, New 
Jersey. >541 


NYLON-CAP CLINCH UNTS 


Miniature self-locking clinch nut Type 
NKCFM has an integral nylon cap 
which protects the bolt threads against 
corrosion, chafing of wires by exposed 
bolt ends, limit corona and electrical 


‘ i ee J 
~*~ , 
iby 


discharge in high-voltage circuits, and 
seals internal or external pressures up 
to 80 psi past the bolt threads. Nylon 
cap and locking element perform under 
temperatures to 350 F. Shank lengths, 
0.040 and 0.060 in; thread sizes, 4-40 
through 10-32. Material is steel, cad- 
mium-plated and stainless steel, plain 
finish. Nuts meet AN-N-10 and/or 
MIL-N-25027 (ASG). Elastic Stop Nut 
Corp. of America, 2330 Vauxhall Rd., 
Union, N. J. >542 


SOLID-STATE SERVO 
AMPLIFIER 


A control package consisting of transis- 
torized preamplifier, 25-watt power 
amplifier, and module case has been 
developed. Power amplifiers drive a-c 
and d-c servo motors. Unit contains 
no moving contacts or relays. Three 
input channels allow preamplifier to be 
used in control system having input 
command, rate and feedback loops. 
Module case measures 5.0 x 3.1 x 3.7 
in. Preamplifier gain for 1 input, 200 
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designers and manufacturers 
of electrical products and systems 


C4 4°39 for AUTOMATIC CONTROL 


MAGNECLUTCHES® 
and MAGNEBRAKES® 


magnetic particle clutches and 
brakes. Smooth, flexible 
operation, fast response, 
torque independent of 
speed, long life 

Series 6000 Bulletins. 


AUTOMATIC CONTROL SYSTEMS 
POSITION 


SPEED Vickers’ complete facilities and more than 
1,000,000 man-hours of direct experience in 

VOLTAGE design and manufacture of automatic control 
products and systems are available to assist 

FREQUENCY you with your automatic control problems. 
CURRENT Contact the sales offices below, or write direct 


PHASE ret 
PRESSURE 
TEMPERATURE 


EPA-0000-1 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Sales st. LOUIS—CEntrol 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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CLEVELITE 


makes a good product BETTER! 


-.. because of 
its PHYSICAL 
properties! 


Mechanically, CLEVELITE is 
structurally strong, very 
light (half the weight of 
aluminum), and is dimension- 
ally stable. May be easily 
punched, machined and 
sawed. Certain tough, flex- 
ible grades may be cold 
punched satisfactorily. Un- 
affected by oils and solvents. 


...and because of 
its ELECTRICAL 
properties! 


CLEVELITE phenolic tubing 
possesses high heat re- 
sistance, high dielectric 
strength, an extremely low 
dielectric loss factor and 
low moisture absorption. Its 
non-tracking and insulation 
resistance are outstanding. 


Write for latest CLEVELITE brochure; 
also samples of the tubing. 


CLEVELITE will make your product BETTER...at LOWER cost! 


* Reg. U.S. Pat. Off. 


ee 


PLANTS & THE 


SALES OFFICES: amnen, a. 
CLEVELAND CLEVELAND CONTAINER TORONTO & 
DETROIT PRESCOTT, ONT 
CHICAGO 

MEMPHIS SALES OFFICES: 


LOS ANGELES 

PLYMOUTH, WIS. 
JAMESBURG, N. 3. 
FAIRLAWN, WN. J. 


NEW YORK 
WASHINGTON 
MONTREAL 


6201 BARBERTON AVE. + CLEVELAND 2, ae 


ABRASIVE DIVISION at CLEVELAND. OH'I0 


REPRESENTATIVES: 
NEW ENGLAND: R. S. PETTIGREW 4&4 COMPANY CHICAGO: McFARLANE SALES COMPANY 
10 N. MAIN ST., W. HARTFORD, CONN. $950 W. DIVISION ST., CHICAGO 
NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BAPRON CO., 544 
CENTRAL AVE., E. ORANGE, N. J. S. MARIPOSA AVE., LOS ANGELES 
PHILADELPHIA: MIOLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA, 
9 €. ATHENS AVE., AROMORE, PA. LTO., BOX 169 — STATION "HH", TORONTO 
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volts; 2 inputs, 125 volts; 3 inputs, 100 
olts; power output is approximately 
50 mw. Power amplifier operates in 
range of -55 to +71 C; gain is 1] 
volts; power output is 25 watts con- 
tinuous; 50-watt peak for lower load 
resistance. Airborne Accessories Corp., 
1414 Chestnut Avenue, Hillside 5, New 
Jersey. >543 


MINIATURE TAPER-PIN 
TERMINAL BLOCKS 


Connections between printed circuits 
and external wiring may be made by 
using taper-pin blocks in six-terminal 
(Type 399-6) and ten-terminal (Type 
399-10) sizes. Blocks mount upright 


on printed-wiring boards with solder 
studs slipped through holes for dip- 
soldering; top receptacles accept AMP 
Type 53, Burndy or equivalent taper 
pins. Blocks may be stack-mounted by 
means of screws through eyeletted 
holes. Block material is GDI-30 plastic 
(glass-fiber-filled diallyl phthalate per 
MIL-L-19833). Insulation resistance, 5 
million megohms; 200,000 megohms 
after 3 hr at 280 F. Working voltage, 
11000 rms (1550 d-c) at sea level. 
Kulka Electric Corp., 633-643 S. Fulton 
Ave., Mount Vernon, N. Y. >544 


VANEAXIAL BLOWER 


Blower unit SK-2367 delivers high air 
flow rates against high pressures. Unit 
delivers 1200 cfm output at 7-in. static 
pressure (sea level) at 11,500 rpm. 
Other speeds obtainable with 400-cps, 
3-phase motor normally provided are 
5400 and 7500 rpm. D-C motor speeds 
of 6500 and 9000 rpm may be obtained. 
Meets environmental requirements of 
MIL-E-5272A, weighs 1] lb and is 7.44 
in. long by 8.50 in. diam. Specialty 
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Frankly, we hope you're a fusspot. If you 
are fussy about the way you work, and 
proud of it, we think you'll enjoy knowing 
about three K&E items which reduce the 
effort required to get pin-neat results. Our 
first suggestion is... 


A Better Mattress" 
for Your Drawing Board 


For effortless drafting, a good board cover 
is about as important as a good mattress is 
for sound sleep. Which is why so many 
draftsmen swear by LAMINENE® (N 70), 
the only laminated board cover material 
made. An exclusive, patented K&E process 
gives LAMINENE several very practical 
advantages over plastic coated papers. You 
can stretch it, drumhead-tight, over your 
board. All you do is wet the back, then 
secure the ends by taping or stapling to the 
underside of the board. After drying, 
LAMINENE grips the board as if cement- 
ed—there’s no rippling, no stretching with 
the weather, no slack to take up. Its “draft- 
ing feel” is perfect: just the right balance 
of firmness and resiliency. LAMINENE’S 
non-glare surface makes it easier on the 
eyes, too, even under fluorescent lighting. 
You can expect to leave the board feeling 
fresher, even after a long day. 


What’s more, LAMINENE won’t crack or 
scar like a plastic coating. Its laminated 


film surface is flexible, and stays that way 
—no crevices form to pick up workaday 
grime. It’s easier to clean, too. A little soap 
and water is all it takes to keep LAMI- 
NENE looking like new. 


LAMINENE is available in White or Eye- 
Ease Green; plain or with 4x4, 8x8 and 
10x 10 grids to the inch, which act as per- 
manent two-way tracing guides. A free 
sample can be yours in a few days if you 
write us today. If you’ve never tried a lam- 
inated board cover, we promise you a new 
experience! 
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Some Ideas 


Kee 


for your file of practical information on drafting 


and reproduction from 


Stickers With Delayed Action 


Want to eliminate a time-consuming chore? 
You can cut down on tedious repetitive 
lettering by having title blocks, specifica- 
tions, and other symbols or legends printed 


—clearly and sharply —on DULSEAL*™™ 
(74). This tissue-thin film has a delayed- 
action adhesive on the back, and a dull- 
finish face for easy writing or printing. 
Stickers made of Dulseal can be firmly po- 
sitioned—and re-positioned hours later, just 
as firmly. The adhesive takes 24 hours to 
set. Once it does set, a permanent bond is 
formed with the paper or cloth beneath. 
Dulseal is chemically stable, and the adhe- 
sive will not bleed, even in hot copying 
machines. 

Repeated erasures on Dulseal will not af- 
fect its “take.” Produced by an exclusive 
process, the “tooth” is built into the sur- 
face. Transparent and low in reflectivity, 


4 
| 
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Dulseal stickers will not affect the trans- 
parency or printing speed of your drafting 
medium. K&E supplies Dulseal in sheets, 
rolls (printed to your specifications if you 
wish), and as a mending tape in a handy 
dispenser. Try a sample, on us! 


3 To Keep Clean 


Best way to keep your tracings clean: don’t 
let them get dirty. A mighty easy way to 
achieve this is to sprinkle the tracing lightly 
with gum eraser particles, while working. 
Then, triangles, T-squares, and scales stay 
clean, and clean the surface automatically, 
as they are moved back and forth. The 
particles will not dry out or harden—they 
contain no grit or abrasives. They'll actual- 
ly improve the ink taking qualities of your 
drafting surface. 


2 


For this purpose, K&E supplies cleaning 
particles put up in three different ways. 
We think the new plastic squeeze-bottle 
(3036C) is the handiest of all. The shaker- 
top can (3036) has also been a drafting- 
room favorite for some time. And, for 
double-duty cleaning, we suggest the ABC 
Dry-Clean Pad™™: (3037), which holds 
slightly coarser granules that sift through 
soft mesh. The ABC Pad also comes in 
handy for wiping a complete tracing after 
it is finished, or for preparing certain sur- 
faces for ink work. Or for an overall pre- 
cleaning, since the best way to insure clean 
tracings is never to let soil build up. 


The proverbial ounce of prevention is 
worth the traditional pound of cure! 


These K&E products, and others 
that can make life easier for you, 
are available from your nearby 
K&E dealer. See him soon... 
or send us the coupon below for 
further information and samples. 
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and DULSEALT.M. Tape. 


Name & Title_____ 
Company & Address— 


KEUFFEL & ESSER CO., Dept. 


Please send me samples of LAMINENE® Drawing Board Surface Material, 
.. plus information on K&E cleaning powders. 


EM-12, Hoboken, N. J. 
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SIZE 11 


RESOLVER _ 


Fs 


STILL THE MOST ACCURATE SIZE 11 RESOLVER 


in a new, shorter mechanical construction 


Without sacrifice of its unique 0.03% functional error and at signifi- 
cant reduction in cost to purchasers, the DIEHL B 11R 9-1 Resolver 
is now available in an over-all length of only 2.25’. 

Complete mechanical redesign of the unit has provided this length 
and cost reduction together with optional provision for a rear shaft 
extension. Terminal connections are available either with leads (as 
illustrated) or soldering lugs. 

In addition to a standard line of low and high impedance (com- 
pensated or uncompensated) windings the unit can be obtained with 
special windings for operation at frequencies as high as 2 megacycles. 

A still shorter unit, 1.750” in length, is available with the same 
0.03% functional error but with comparatively lower impedances. 

We invite engineers seeking to design more accurate computers to ask 
us for full details about these exceptionally precise new resolvers. 


SINGER™ 


| DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


piel 
. Somerville, New Jersey 


1A Trademark of THE DIEHL MANUFACTURING COMPANY *A Trademark of THE SINGER MANUFACTURING COMPANY 


* AC SERVOMOTORS + AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS * AC AND DC TACHOMETERS RESOLVERS 
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Blower Div., Torrington Manufacturing 
Co., Torrington, Conn. >545 


ACTUATOR MOTOR 


Model 49ECI compound-wound reversi- 
ble 26-volt d-c, 184-hp motor is de- 
signed for actuator service. The 10,500- 


rpm motor is equipped with a brake 
having static torque “of “500 oz-in. and 
meets requirements of MIL-M-H609A. 
Length, 7 in.; diam, 4 in. Electro Prod- 
ucts Div., Western Gear Corp., 132 W. 
Colorado Blvd., Pasadena, Calif. —>546 


MINERAL-FIBER 
INSULATING FELTS 


Group of rigid or semi-rigid insulating 
boards is composed of inorganic min- 
eral fibers mill-formed to specific den- 
sities and thicknesses with a thermo- 
setting resin. Thermal conductivity 
range, 0.27 for low-density felts to 
0.24 for high-density felts (mean 
temperature of 70 F). Densities, 3 to 12 
Ib/cu ft. Industrial felts conform to 
Federal Specifications including HH- 
1-462, HH-I-542, HH-I-563 and HH-I- 
564. U. S. Mineral Wool Co., Stanhope, 
N.. J. —>547 


FLEXIBLE SHAFT JOINT 


Miniature shaft joints are used in ap- 
plications where angular misalignment 
conditions exist or where a floating 
shaft coupling is required to compen- 
sate for wide parallel and angular mis- 
alignment. Joints are suited for power 
take-off drives from machinery, solen- 
oids, potentiometers and remote-control 
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now! hoover quality BALL BEARINGS 
IN INCH AND METRIC DIMENSIONS 


Hoover Quality is featured in two new Hoover 
deep-groove bearing series. Now available in a 
complete range of sizes and modifications are R 
series bearings in inch dimensions, and extra small 
30 series bearings in metric dimensions. 

R SERIES are proportionately similar to con- 
ventional extra light and light series bearings 
except that bore, outside diameter and width are 
made to fractional inch dimensions. R series 


[OOOuer 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
8581 South Chicago, Chicago 17, Illinois 


290 Lodi Street, Hackensack, New Jersey 
2020 South Figueroa, Los Angeles 7, California 


Zone Sales 
Offices and 
W arehouses 


bearings are available in open, single shield or 
double shield types . . . bore sizes % to 1% inch. 

30 SERIES are designed for applications requiring 
bearings smaller than conventional extra light and 
light series ball bearings. Open, and single or 
double shielded or sealed types are available. Bore 
sizes range from 4 to 9 mm. 

Return the coupon below for complete infor- 
mation. 


prttc rrr --------- 


| : EM-12 
| Hoover Ball and 
| 


5400 South Stete Renal Ace Aetes, Miehigan 
© Please send Bulletin 112 which describes R and 30 
series bali bearings 


0 Have your representative call. 


| City 


I: 
! 
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| 
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ASTRON so.ip 


TANTALUM 
CAPACITORS 


udded 


INSULATING 
WASHER 


SOLDER ————» 
ENCAPSULATION 


TANTALUM 


TINNED — 


METAL 
CASE 


SOLDERABLE 


ae > 


WITHSTAND 
vibration 

TO 2000 CYCLES 
AND 35 G'S. 


In the construction of the 
Astron Tantalum Solid 
Electrolyte Capacitor, the 
tantalum anode is firmly 
embedded in solder and solidly 
fixed in the case. There are 

no external welds, and the 
tinned leads can be bent 
adjacent to the case. 


Production capacitors are 
regularly tested in accordance 
with MIL-STD-202A, Method 
204, test condition B, to 2000 
cycles and 15 g’s 


Astron Solid Tantalum 
Capacitors have withstood 
200 g acceleration and 150 g 
shock tests. 


e 125°C operation. 

e Rugged construction. 

e Capacitance stability. 

e Subminiature. 

e Dry, solid construction. 

e Meets MIL specifications. 


FOR COMPLETE INFORMATION WRITE 
TODAY FOR BULLETIN E-675A AND FOR 
ASTRON'S DESIGN ENGINEER 
PUBLICATION, TECHNIQUES, 

VOL. 59. NO. 2 
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applications. Stainless-steel joints have 
bore sizes in %2 increments to ¥% in. 
diam. Miniature units measure Ae 
diam by 7% in. long. Fourdee, Inc., Box 
6006, Orlando, Fla. >548 


MOTOR-GENERATOR UNIT 


Type RBG-2407 miniature unit com- 
bines a low-inertia control motor with 
an a-c drag-cup rate generator for pre- 
cision instrument applications. Gen- 
erator output, 10 volts/1000 rpm; line- 


arity, 1 per cent. Standard Holtzer- 
Cabot RBC-2407 servo motor is used. 
Motor gear ratios from 2.5:1 to 3600:1 
are available. Standard control wind- 
ing impedance, 5400 ohms, locked- 
rotor. All units are 2!%o-in. square 
in cross section; overall lengths, 4% 
in. max for direct-drive motors and 5 
in. for gear motors. Holtzer-Cabot 
Motor Div., National Pneumatic Co., 
Inc., Boston, Mass. >549 


CERAMIC-DISK CAPACITORS 


Three high-capacitance DD Series “Hi- 
Kap” capacitors have values of 0.03, 
0.04, and 0.05 uf at 600 volts d-c work- 


ing. Size, 7% in. diam by 146s in. thick. 
They are “Durez” coated and impreg- 
nated with high-melting-point wax. No. 
22 tinned copper leads are 11/ in. long. 
Centralab Div., Globe-Union, Inc., 900 
E. Keefe Ave., Milwaukee, Wis. ->550 


EQUIPMENT-MOUNTING 
CHANNEL 


Specially spaced channel Model G1928 
(illustrated) is typical of available 
units. This has nut spacings of 54, 5 
and % in. in that sequence, which 
correspond to bolt-hole spacings in 
electronic equipment to be mounted. 

(Continued on page 300) 
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HOW LOUIS ALLIS 
DOUBLED THE BENEFITS 
OF SIL-FOS BRAZING 


Higher operating temperatures and output demands in electric motors 
have prompted Louis Allis of Milwaukee, Wisconsin, to switch from 
soft solder to SIL-Fos 5 brazing on their stator windings. No stranger 
to S1L-Fos, Louis Allis has brazed rotor end rings for years. Now they 
get these benefits on both vital parts of their motors: 


; Here, operator hand brazes a winding on a motor 
STRENGTH—The strength of a properly designed and brazed SIL- stator. Increasing motor output requirements 


Fos joint exceeds that of the metals joined. Furthermore, joints demand greater overall operational reliability. 
do not “creep” even when hot. Here are some typical values: With SiL-Fos 5 brazed joints reliability is 


assured, 
at 300° Fin copper: 30,000 psi. In brass: 35,000 psi. 
at 400° F in copper: 28,000 psi. In brass: 31,000 psi. 


conbuctivity—Tightly fitted standard lap joints are fully as 
conductive as copper. 


DUCTILITY—SIL-FOS joints have exceptional ductility; enabling 
them to withstand stresses and strains of vibration, shocks 
and radical temperature changes fully as well as the metals 
they join. 


EASY INSTALLATION—FAST PRODUCTION— With SIL-FoOs you can get 
any production you want—you have a choice of heating meth- 
ods, jigging setups, inspection techniques, etc. 


ECONOMY—Low flow point, fast brazing action, reduced labor 
costs, and vastly reduced reject rate, plus the small amount of 
alloy needed to make a joint put SIL-FOs in a low-cost category 
unequaled by other methods. 


Sliver Starts te flew at Free Flowing at 
Content X °F °c 7 ¢ 


SIL-FOS 
SIL-FOS 5 


For use in joining ONLY nonferrous metals. Used particularly on copper, brass and bronze. Rotor ring hand brazing with SiL-Fos has long 
Specially effective in joining pipe and tubing and on electrical work. been the practice at the Louis Allis Co. The 


success achieved here has been applied to the 
above with equally excellent results. 


Further detailson SiL-Fosand — — : 
SiL-Fos 5can behadintheformof “Lng Source of Supply and Authority on Brazing Alloys: iat 


LANTA. GA 


Technical Literature from Handy See BRIDGEPORT, CONN 


PROVIDENCE wi 


& Harman. Send for Bulletin 20.Our 9) = . emicaso. 11 


research and engineering peopleare | © HANDY & HARMAN 0: 


ready and willing to help you with = LOS ANGELES. CALIF 
any metal joining problem or plan General Offices: 82 Fulton $t., New York 38, N.Y. oantane cau 


you may have. DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 
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a silicone resin sleeving 
so flexible you can get it 


in spools or coils! 


@ FLEXIBLE — may be manipulated at all tempera- 
tures, —70° to +500° F. without cracking or 
checking. Dielectric strength remains even when 
sleeving is knotted. 

@ HIGH DIELECTRIC STRENGTH — up to 7000 
Volts, depending on grade. Certified to meet 
government specification MIL-I-3190, latest re- 
vision. 

@ RADIATION RESISTANT -— retains nonconduc- 
tive properties under greater-than-average ran- 
dom intensities. 

@ WIDE RANGE OF SIZES —.010” LD. to 3” 
I.D. Larger sizes possible. 

@COLOR CODED — available in 12 brilliant, 
non-fading colors. 

@CHOICE OF LENGTHS —for the first time, 
continuous lengths up to 5000 feet available, thus 
eliminating waste. 36 inch lengths where pre- 
ferred. 


@ DEPENDABLE, FAST DELIVERY — Immediate 
delivery on standard items from stock . . . 48 
hours for new production. 


Varfler SALES CO., INC. 
"Never Satisfied Until You Are”’ 


Manvfacturers of Electrical insulating Tubing and Sleeving e 309 N. Jay St., Rome, N.Y. 
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VARGLAS 


SILICONE RESIN 


500” 
SLEEVING 


Extremely useful where minia- 
turization increases heat and 
dielectric load on smaller wires, 
Varglas Silicone Resin ‘'500" is 
only one of many sleevings 
made by Varflex for this type 
of service. If you have a special 
insulating problem, call on our 
engineers for modifications of 
existing products, or for de- 
velopmental work to meet 
stringent new requirements. 


@ Send for free test samples. 


Rail of channel is aluminum alloy. 
Carbon-steel nuts are floating, self- 
locking type. Kaynar Mfg. Co., Ine., 
Box 2001 Terminal Annex, Los Angeles 
54, Calif. >551 


NEON INDICATOR LIGHT 


Indicator consists of a “sth-watt neon 
lamp enclosed in a translucent urea 
plastic case. Case is fitted with self- 
adjusting mounting clips, permitting 
insertion on 0.031 to 0.093 gage metal. 


Case also fits perforations of most 
standard switchplates. Indicator light 
available for either 125 or 250 volts. 
With white or red translucent case and 
with choice of several standard im- 
prints or non-standard wording on spe- 
cial order. Westmoreland Plastics Co.. 
Inc.. Gertrude St., Latrobe. Pa. ->552 


MINIATURE TRIMMING 
POTENTIOMETER 


Model 1-WO precision wirewound trim- 
mer withstands 100 g acceleration and 
50 g shock. Temperature range is —55 
to +140 C with 1.3-watt rating at 40 C. 
Small worm-gear adjustment drives 
360-deg wiper. Can be sealed to meet 
MIL-E-5252A. Inductive reactance not 
measurable at 100 ke. Exceeds NAS 
710 for impedance. Handley, Inc., 14758 
Keswick St., Van Nuys, Calif. —>553 
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Drilling and flaring eliminated. Easier 
maintenance, a time saving of 50% and elim- 
ination of costly, time consuming drilling and 
flaring operations result when Truarc Series 
5115 self-locking rings are used to retain roll- 
ers on pins in this electric cable guide. Extra 
long prongs enable ring to accommodate wide 
shaft tolerances. 


Economical fastening for idler gear. 
Installing Truarc Series 5555 Grip Ring flush 
with hub insures precise seating of gear in 
this portable electrocardiograph assembly. 
What's more, the ring eliminates a nut and 
costly stud-threading operation of alternate 
design. Typical savings amount to $365 per 
1000 units. 


Cross-drilling and cotter pin elimi- 
nated. Here a Truarc Series 5305 self-locking 
triangular retainer replaces a cotter pin used 
to hold an electric-motor mounting bar. Both 
the cotter pin and the cross-drilling operation 
required in the original design are eliminated. 
Typical total savings amount to $120 per 
1000 units. 


Truarc self-locking retaining rings boost 
economy in wide variety of designs 


...e@liminate parts, machining, speed assembly 


Easy application, elimination of more expensive conventional fasteners and re- 
duction or elimination of machining operations are just a few of the savings 
resulting from the proper use of self-locking retaining rings. Rings replace 
threaded retainers and nuts, hairpin-type cotter pins, and a variety of cut, lock, 
and plain washers. They require no groove, or preparatory machining opera- 
tions. Rings can be installed by unskilled labor, seated at any point on the shaft, 
automatically taking up any accumulated tolerances. 

Four ring types are shown. One has a dished triangular body which locks the 
fastener on the shaft under spring tension, holds under moderate shaft toler- 
ances and against extremely heavy thrust loads. Another, a re-usable Grip Ring, 
is ideal for ungrooved shafts, tubes, bosses, and studs. A third type is a trian- 
gular free-spinning nut with a dished body that flattens under torque, eliminat- 
ing need for separate lock washers. The fourth, a push-on type, has an arched 
rim to provide high strength and extra long locking prongs which accommodate 
wide shaft tolerances. 

These are but four of the 50 functionally different types of Truarc retaining 
rings. They come in 740 standard sizes, 6 metal specifications, 13 different 
finishes. The entire Truarc line, including assembly tools, grooving tools, and 
80 typical cost-saving applications, is covered in the new catalog RR 10-58. And 
remember, Waldes engineers are always ready to help you solve your applica- 
tion problems—whether they involve one of the standard Truarc rings or a 
“special’’ to fit your particular requirements. Waldes Kohinoor, Inc., 47-16 
Austel Place, Long Island City 1, N.Y. 9.15 


WALDES 


TRUARC 


RETAINING RINGS 


Walides Kohinoor, Inc., Long Isiand City 1, N. Y. 


lar nuts replace conventional nuts and lock- 
washers in mounting electrical parts like trans- 
former (top) or Microswitch (bottom). Dished 
body of Series 5300 flattens under torque, 
eliminates need for lockwasher, simplifies 
handling and assures assembly. 


Easy way to mount electrical-elec- (/ . 
tronic parts. Truarc Series 5300 triangu- \\ 
Y® 


TRUARC RETAINING RINGS ... THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 


©1959 WALDES KOHINOOR, INC. 
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Specially designed with the 
APPLICATION in mind! 


TYPICAL EQUIPMENT 
POWERED BEST BY 
BALDOR MOTORS 


Blowers 
* 
Fans 
* 
Ventilators 
7 
Agriculture dryers, 
cleaners, separators 
Conveyors 
* 
Woodworking 
machinery 
* 
Abrasive saws 
(masonry & steel) 
* 
Pumps 
7 
Compressors 
Machine tools 


LTRIC line of 
BALDOR motors 


No guesswork here! Now you can stop 
fitting the machine to the motor. 


Famous Baldor Streamcooled Motors 
featuring TEFC construction, are engi- 
neered and designed to fit specific ap- 
plications— your guarantee of getting the 
one right motor that will deliver the 
power and performance to make your 
equipment operate at top efficiency. 


There’s a highly trained and experienced 
Baldor representative near you who will 
be happy to show you how this “‘tailored- 
to-the-job” type of engineering can help 
cut costs and improve the performance 
of your equipment. Contact him direct 
or write to... 


ELECTRIC 


4353 Duncan Avenue 


COMPAN Y 


° St. Louis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S. A. 
District Offices: Atlanta « Chicago « Cleveland « Dallas e Dayton e Des Moines « Detroit « Litchfield, Conn. 
Los Angeles « Milwaukee « Minneapolis « New York « Kansas City, Mo. 
Oakland « Philadelphia « Portland, Ore. « Syracuse 


Circle 312 on page 17 





TRACK-RESISTANT LAMINATE 


Grade UTR glass-fiber polyester lami- 
nate may be applied to apparatus 
operating at voltages over 1 kv or with 
short creep distances where humidity 


and surface contamination conditions 
are present. Laminate illustrated at 
right is flame retardant, shows no track- 
ing after 207 hr, while its other phys- 
ical and electrical properties meet 
NEMA GPO-1; XX phenolic laminate 
illustrated at left formed carbon track 
before 9 min. Track resistance of Grade 
UTR rated 200 hr as established under 
proposed ASTM Dust-Fog Tracking 
Resistance test procedure. Under this 
procedure, general-purpose glass poly- 
ester tracks to ground in less than 5 
hr. The Glastic Corp., 4321 Glenridge 
Rd., Cleveland 21, Ohio. —>554 


SUBCARRIER OSCILLATOR 


Output of low-level transducers (such 
as thermocouples, strain gauges, ac- 
celerometers) may be fed directly into 


the millivolt subcarrier oscillator with- 
out d-c amplification. D-C common 
mode rejection, rated at 10° within 
+20 volts of ground. Power require- 
ment, +26 volts. Unit is produced to 
IRIG specifications of frequencies and 
deviations. Hoover Electronics Co., 110 
West Timonium Road, Timonium, Mary- 
land. >555 


SOLDERLESS LUGS 


Electro-tin-plated, pure seamless copper 
solderless lugs can be used for either 
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Shown above are some of the many 
Rogan knobs available from 


stock molds. Fast delivery. FROM STOCK MOLDS 
Special shaft holes at nominal cost. Oli 
Send for details and catalog. CUSTOM MOLDED 


ROGAN ee 
BROTHERS Woman 


8027 N. Monticello « Skokie, Illinois 


AMERICA’S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
Circle 313 on page 17 


Are Mn) TNS 


Bobbin Form Wound 
Paper Interleave High Temperature 


Encapsulated 


Send us your coil 
Py Ttabicel MMe ellie 


TRANSFORMERS MADE TO ORDER 
THE DANO ELECTRIC COMPANY 


3 Main Street ¢ Winsted, Conn, 
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TROMBETTA SOLENOID CORP. 


MILWAUKEE WISCONSIN 


U.S.A 
329 N. Milwaukee Street ¢ Phone BRoadway 1-8347 


NA-700 LINE OF SOLENOIDS 
The ultimate design in 
Guided T Plunger Solenoids 


Developed in 1952 
Patented March 10, 1959 
Patent No. 2,877,390 


WE DESIGNED THEM! 
WE DEVELOPED THEM!! 
WE PATENTED THEM!!! 

THEY ARE OURS!!!! 


Mounting holes Flush rivets Plunger 


Stainless 
steel 
\. guides 
a. 
Three point 
contact 


Coil liner Stainless steel retainer 


No clatter! No chatter!! 
FEATURES 


Positive three point contact 
Heavy stainless steel guides 


RESULTS 
Longest life expectancy; reliable operation 
throughout entire life; silent operation in sealed 
position; mountable in any position, at any angle; 
no heavy grease required to cover up poor design; 
no grunting when mounted horizontally. 


AVAILABLE 


In a multitude of standard sizes, pull or push 
type; also custom built to satisfy customer’s 
requirements; also for OEM, and replacement 
trade. 


TROMBETTA has the original solenoid. 
Don’t let anyone sell you imitations. 
Request additional information. 


“TROMBETTA” 


is the answer to: 


ALL SOLENOID QUESTIONS 
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tongue that cannot fall out and V-type 
serrated vise jaws. Ilsco Corp., 5745 


Mariemont Ave., Cincinnati. —>556 
IN STEP IN T ONE-INCH-LONG SERVO 


Size 5 servomotor delivers a no-load- 
speed of 9500 rpm; has a stall torque 
ith tiny GRC 
inc die casting 


As previously made: 5 steps of 0.09 oz-in. and a theoretical accelera- 
This mutilated gear, cam and bushing com 


: . a 2 > . 
bination for an electrical appliance timer for i tion of 45.000 rad/sec*. Power input, 
—_, required a. ——- ane am ya 3.5 watts. The 400-cycle unit performs 
chine port’ an two assemblies te cas y . bg : . eer 14c 
GRC in one automatic operation reduced costs e- Cast by GRC in in temperature range of 55 to +150 
<6%, ond mode @ superior product. Clocer \ _ i-pe. —automatically C.  Epoxy-encapsulated —servomotor 
tolerances and greater uniformity were achieved - ; : a 05 i IMC 
by casting in one piece. Units were ready to weight, 0.68 oz; diam, 0.5 in. IMC 
vse as cast, with no secondary operations, Magnetics Corp., 570 Main St.. West- 
no scrap loss. Another demonstration of the , 

production economies and wide design lati- bury, N.Y. ->557 
tude Gries’ exclusive methods make possible. 

Only the GRC Method gives such complete 


design freedom for small precision parts. ~~ a : TAPER-PIN TERMINAL BOARD 


No Minimum Size! 
Maximum Sizes: 144” long, '/2 oz. 


copper or aluminum conductors. Series 
SLUH lugs have a captive tang or 


Shown actual size 


* Sees 


{eee coe. — 





Series of terminal boards is designed 
for use in computer and data-process- 


— Write today for fact-filled bulletin. ing programming, multi-channel com- 
rt Send prints for quotation. c munications systems and _— similar 


tings GRIES REPRODUCER CORP. 
‘et World's Foremost Producer of Small Die Castings 
<==} 149 Beechwood Ave., New Rochelle, N.Y. * NEw Rochelle 3-8600 Ze <= 4, 
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een PULSE TRANSFORMERS — 


for COMPUTER-RADAR 
and VIDEO circuits 


as applications where miniaturization is 


necessary. Single-row taper-pin boards, 


2 
—> 
. 
~ 
a 
oe 
~~ 


available in 10 or 20 feed-through type 
taper receptacles with single and double 
feed-through connections, have nesting 
projections and recesses for stacking. 
Silver-plated and gold-flushed brass 
receptacles; 14 lb min pull out with 
TYPICAL standard Seen genre 
> MAI-66 (glass alkyd) o 

COMPONENTS ee aa : 
eo MIL-M-14E. General Products Corp.., 
eee? Union Springs, N. Y. —>558 

° 


K1035 Pulse Impedance match- K1032 Pulse Charging Reactor VARIABLE-PITCH 

ing transformer 0.1 - 1.0 usec.; 3.5hy/75ma; 200 - 1000 p.p.s.; V-BELT PULLEY 

1320 P-p.S.; 75/1000. ohms. Tkv. pk. Pulley with micrometer adjustment to 
set pitch to the desired rpm is 314 in. 
diam. Pulley can be used with 34, 1%4 


PRODUCTS and 5Q in. top-width V-belts. Each 
ke y stone COMPANY half of pulley is directly fastened to 


SPECIALISTS IN PRECISION MAGNETIC COMPONENTS motor shaft. Adjustment is made by a 


socket cap screw on end of hub. Con- 


904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY meg t ee and ae 
+ ‘ ).010 in. max total indicator reading. 
UNion 6-5400 (Continued on page 306) 
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TYPICAL INSERTION LOSS CHARACTERISTICS BASED ON MIL-STD-220 (EXTENDED 


first again from Cornell-Dubilier... 
miniaturized filters for 


8) a] 


INSERTION LOSS - 


ie 
tid 


Leh aa) K 
ML LAGI Tae) 


from 150ke 
ae to 10,000 mc 


paid wd OR meal alee) 


MINIATURIZED FEED-THRU CAPACITOR 
TYPE NFTSW4P22W (TYPICAL 


Belen. 4e 1 > l FREQUENCY 


Another First From The Cornell-Dubilier Filter Laboratories. | MEASURES SUPPRREISEN ContrerEn 
Now... MINIATURIZED pi filters and 3-terminal feed-thru capacitors for inter- : Fuster Renan 
ference suppression at any frequency from 150 kc to 10,000 mc. No matter 

how unusual your design requirements, the C-D Filter Laboratories can : , 
deliver the precise suppression component you need. Tubular shapes, neck- euaananeas Ee 
mounting designs and smallest possible case sizes save space and weight, and : Current: 0.5 Amperes, Weight: 4.0 oz 
provide easy installation. C-D’s miniaturized tubular pi filters and feed-thru’s Dimensions: 1” x 2-11/16” 

also provide better insertion loss per unit volume, lighter unit weight and 

lower unit cost as compared to other types of suppression devices at identical 

ratings. To obtain complete specifications, write for Engineering Bulletins ; 

171, 172 and 166 to Cornell-Dubilier Electric Corp., South Plainfield, N. J. : Feed-Through Capacitor TYPE NFTSW4P22W 


Voltage: 125 VAC ](60 cycles) 400 VDC 


Current: 25.0 Amperes Capacitance: 0.22 mfd 
csr), 


EE Consistently ependabe areas Sr | 
@) CORNELL-DUBILIER 
CAPACITORS 
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TIME DELAY RELAYS 
For military applications —“‘H” and “S” Series 


You can meet the shock and vibration conditions specified by 
today’s military applications with the “H” Series thermal time 
delay relay. They are small in size, of rigid construction and 
manufactured with thorough quality control and testing to assure 
conformity to the highest standards. The “S” Series has a single 
pole, double-throw contact arrangement with long life. 


FEATURES: 

Time delays from 3 to 180 seconds 
Temperature compensated 
Miniature * Hermetically sealed 
Meets rigid environmental specifications 


New DIGITAL MOTORS 
Stepping motors for high reliability ap- 
plications. Meet the requirements of 
assured reliability and long life for air- 
craft, missile and automation systems. 


reatures | Bi-directional + Positive lock * Dynamically 


balanced * Simplicity of design * High pulsing rate. 


New ULTRASONIC DELAY LINES 


Enables development engineers to em- 
ploy new concepts in existing and pro- 
jected applications. Low in cost, small 
in size and simple to operate. 


SPECIFICATIONS 


Delay range..... 5 to 6000 microseconds 
Tolerance. - + 0.1 microsecond 
Signal to noise ratio... . Greater than 10:1 
input and output impedance. 50 to 2000 ohms 
Carrier frequency ...100 kc — 1 mc 
Delay to pulse rise time Up to 800:1 


WRITE FOR COMPLETE COMPONENTS CATALOG 159 
ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION + WEST CALDWELL, N. J. 
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Available in ¥% to 5% in. bore sizes. 
Congress Drives Div., Tann Corp., 3750 
E. Outer Dr., Detroit 34, Mich. ~*599 


INSTRUMENTATION 
AMPLIFIER 

Solid-state Model WC-222 a-c amplifier 
utilizes silicon transistors throughout. 
High-impedance input-signal range, 0 
to 660 mv at 20 to 300 cps; variable 
gain up to 20; output impedance, 5000 


&. ae 


ohms approx. Frequency response can 


be altered to meet requirements. Low- 
level a-c charge amplifier has applica- 
tions in telemetering instrumentation, 
particularly for amplifying output of 
capacitive generator-type transducers. 
Wurlitzer Co., Electronics and Defense 
Products Dept., No. Tonawanda, New 
York. >560 


STANDARD TRACER VALVE 


Standard hydraulic probe unit is de- 
signed for tracer controlling on machine 
tools. Probe is equipped with hydraulic 
servo valve for single-axis tracing. 
Combined hysteresis and dead space is 
under 50 microinch. At 1000 psi, Model 
TC-320 capacity, 5 gpm; flow rate, 1 
gpm per 0.001 in. stylus deflection. 
Model TC-340 capacity, 10 gpm; flow 
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CONTROL STATIONS 
by Cutler-Hammer 


Now Cutler-Hammer 10250T Oil-Tight Control Units permit color-cod- 
ing of your machine control stations and operator panels. New selector 
switches feature interchangeable colored operating knobs that match the 
six distinctive colors of Cutler-Hammer’s Oil-Tight Pushbuttons and 
Indicating Lights. 
Color-coded control stations assure rapid identification of the indi- 
vidual control units minimizing the operator’s chances for pushing the 
wrong button at the wrong time. Color-coded control stations also Interchangeable operating knobs on the 
shorten the time required to train new personnel in the operation of ee Oe, eee 
your machines. of the 10250T Pushbuttons and Indicating 
Check the control stations on your machines . . . be sure they are ae ee eee ome lly 
equipped with color-coded Cutler-Hammer 10250T Oil-Tight Control 
Units. They cost you nothing extra. Write today for the handy selection ®RED ¢BLACK ¢ GREEN 


guide, Publication EL178-Z231 Cutler-Hammer Inc., Milwaukee 1, Wis. ®VELLOW ¢GRAY ¢WHITE 


ween COU TLE R-HA 


= CONTROL = 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associotes: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, 
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Instant CONTACT IDENTIFICATION 


—-SPlenrte SEAL 


HERMETIC RECEPTACLES 


Faster wiring, less chance of errors, reduced inspection time— 
these production advantages are possible only with AMPHENOL’s 
superior Identoseals. Each contact is clearly and sharply defined 
—fired-on white ceramic letters contrasting strongly with the 
dark brown glass—both on the face and the rear of the insert. 

Instant contact identification is one of many advantages of 
AMPHENOL Identoseals. Rugged compression sealing provides a 
tight bond between shell, glass and contacts that is extremely 
strong and highly resistant to thermal] shock. Identoseals are 
capable of continuous operation at 850° F. Insulation resistance 
is over 100,000 megohms. 

Identoseals are available in MS-type receptacles that mate 
with MIL-C-5015 plugs, in miniature sizes and in numerous 
special configurations. An engineering staff experienced in her- 
metic sealing can immediately meet your requirements. 


“MS” Square Flange “MS” Flangeless “MS” Her. Flange 


CONNECTOR DIVISION 


Amphenol-Borg Electronics Corporation 
1830 S. 54TH AVENUE ¢ CHICAGO 50, ILLINOIS 
Circle 321 on page 17 


rate, 2 gpm per 0.001 in. stylus deflec- 
tion. Operating temperature range, +60 
to + 120 F normal. A solenoid de-ener- 
gize retract is available. Tracer Control 
Co., 595 E. Ten Mile Rd., Hazel Park, 
Mich. >561 


WIDE-TEMPERATURE-RANGE 
ACCELEROMETERS 


Vibration measurement under condi- 
tions from —65 to +350 F can be made 
with accelerometer Models 2232 and 
2235. Both weigh less than 1.1 oz. 


‘ 


Model 2235 sensitivity, 25 pk-mv/ pk-g 
(42 «# coulombs pk/pk-g charge sen- 
sitivity). Model 2232 first resonant 
frequency. 50 ke; Model 2235, 40 ke: 
both offer frequency response of 1 eps 
to 10 ke +5 per cent with 1000 meg- 
ohm load. Endevco Corp., 161 E. Cali- 
haa Blvd., Pasadena, Calif. ->562 


FREQUENCY STANDARD 


Frequency generator Model 6261 in- 
| corporates a bimetallic tuning fork to 
| provide precision frequencies from 300 
to 4000 eps. Oscillator circuit uses 
2N334 and 2N335 silicon transistors, 
wirewound resistors and metallized 
| Mylar capacitors for operation to 125 
|C. Output is 2.5 volts with frequency 
jaccuracies of 0.01 to 0.1 per cent of- 
| fered. Harmonic content, less than 5 
| per cent. Operating power required, 
28 volts d-c. Size, 1% x 1% x 314 


|in. Varo Mfg. Co., Inc., 2201 Walnut 





| St.. Garland, Texas. ->563 
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VITREOUS ENAMEL 
POWER RESISTORS 
MAY DO 


But only IRC’s 


RESISTEG Coating 
can assure stability 
under load life 


Exclusive RESISTEG Coating accounts 
directly for the superior stability of IRC 
Power Wire Wound Resistors. IRC 
RESISTEG Coating sets at 205°F.; 
whereas vitreous enamel must be cured 
at 1200°F. or higher! IRC’s low-tempera- 
ture curing doesn’t change the position of 
the wire, and turns do not shift together. 


WRITE FOR CATALOG COVERING MORE THAN 50 
IRC POWER RESISTORS INCLUDING Mil TYPES 


IRC RESISTEG Coated Resistors have 
less drift and resistance change under 
load life; vitreous enameled resistors 
are not equal in stability. 


Also, low-temperature cured RESISTEG 
Coating doesn’t require the wire stretch- 
ing, with its ““workhardened”’ aftereffect, 
that is needed to prevent wire shifts dur- 
ing high-temperature curing. 


RESULT: For the same temperature 
rise, the resistance change of RESISTEG 
Coated units is approximately half that of 
vitreous enameled resistors. IRC power 
resistors need no derating . . . even at 
high values. For greater stability, always 
specify IRC Power Wire Wound Resistors 
... with exclusive low-temperature cured 


RESISTEG Coating. 


; JJ \ | 
GY Ware tbe Gnait§ Tae 


INTERNATIONAL RESISTANCE COMPANY, Dept. 294. 401 N. Broad Street, Philadelphia 8, Pa. 
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Greatly Increased 
Oil Capacity... 


for Long Range 
Peak Efficiency 


General Industries’ Model 
“H” 2-Pole Shaded-Pole mo- 
tor is designed and con- 
structed with features that 
assure thousands of EXTRA 
HOURS of service under the 
most adverse operating 
conditions. Rugged, quiet, 
smooth running. A giant in 
the small motor field. Avail- 
able in nine models that 
cover a wide range of 
applications. 


OIL CAPACITY MANY TIMES 
GREATER THAN 
CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs 
hold considerably more oil and 
wicking assuring more efficient 
lubrication over a much longer 
period of time. 


on Amps Watts 
_— aie coe Free = Free . tbs. 


H- -3- cw 

CS SESS ea 
“ a Ww ” 

Fae ee eS 


ae 

ae 2 
va0 [200 | aa0 | sas [a3 | 
EIEEW | v70 | amo | aas | ao | a [ea | va] oar 
ES SS SSeS 
ea 


Write today for catalog sheet and quantity-price quotations. 





ea UAE eo 


OEPT. GL e ELYRIA, OHIO 
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SERVO COMPONENTS 


Standard gear heads, speed reducers 
and speed increasers are available from 
stock in a variety of ratios in Sizes 
8, 10, 11, 15 and 18. All units conform 


to applicable military specifications: 
operate from —55 to + 150 C; have 
maximum backlash at output shaft of 
30 min in any ratio; use either sleeve 
or ABEC 7 ball bearings; are available 
with preset mechanical slip clutch for 
overload protection. >564 


SOLENOID AIR VALVES 


Direct-solenoid-operated air valves in- 
clude single- and double-solenoid 4- 
way, 3-way and 4-way 5-port types in 
14, 34 and 34 in. sizes. Valve body 
plugs into base to complete the elec- 
trical connection. Manual screwdriver 
or ball-type operators are standard on 
all solenoids. Valves can be set to 
either “locked-in” or “locked-out” posi- 
tion with the control. All solenoids are 
interchangeable among all valves of 
same port size. Solenoid power con- 
sumption, 0.80 amp inrush and 0.125 
amp holding for 14-in. size. Bases 
available for 14-in. models permit 
ganging of 2 to 10 valves with com- 
mon inlet, exhaust and conduit chan- 
nels. Mechanical Air Controls, 10030 
Capital Ave., Detroit, Mich. >565 


LOW-TORQUE PULSE COUNTER 


Pulse counter drums activated by a 
stepping motor can be turned up to 40 
counts/sec. Model 2010 has six drums, 
but is available in 2-, 3-, 4 and 5-drum 


types. Planetary drive transfers num- 
bers by activating a nylon cam and 
roller compensating device. Stepping 
motor uses no ratchets, contacts or 
springs. Number size is 4¢ in. Haydon 
Instrument Co., Waterbury, Conn. 566 

(Continued on page 313) 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Speaking of Stability 
This is one piece of a small roomful of 
high-class electronic hardware. 

The hardware represents man’s latest 
and most sophisticated effort to cram 
into 123 square feet of floor space the 
means of discovering in one day which 
of 15,000 small semiconductors will 
work in a given set of circumstances, 
and which ones won't. 


STROMBERG-CARLSON 

This piece carries the semiconductor 
through the test gantlet. Around and 
around it goes, over six electrical-test 
hurdles, through an oven at a blistering 
200°C, and back again for another trip. 

Few materials have what it takes to 
survive this merry-go-round with virtu- 
ally no change in size, shape, strength, 
toughness, and insulation values. Here 
you see one that does—a Durez diallyl 
phthalate molding compound filled with 
glass roving. 

This is just one of the family. As a 
class, Durez diallyl phthalate com- 
pounds offer unsurpassed freedom 
from cold flow and creep, high repro- 
ducible arc resistance, a chilly indiffer- 
ence to moisture. 

You get more information on them 
by talking over the intended application 
with your molder. He can describe 
them far more glowingly than do our 
data sheets, which we'll gladly send you. 


Symbol 


When promoters of the American Na- 
tional Exhibition in Moscow displayed 
a cross-section of America in old Sokol- 
niki Park under flaring umbrellas of 
glass fiber and Hetron,® they built even 
better than they knew. 

For the tapering 16-foot columns 
arching into 15,000 square feet of fire- 
resistant roof, architect George Nelson 
used our Hetron polyester. One of the 
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reasons: Hetron does not support com- 
bustion; it requires no additives, as do 
other polyesters, to make it resist fire. 

Another reason: strength. Structural 
engineers learned that winds in Moscow 
sometimes reach 60 mph. So they tested 
five of the lily-like umbrellas at Mitchell 
Field, N. Y., by blasting them with 60- 


idea Starter 


That’s the virtue of our modest little bimonthly bulletin, 


Durez Plastics News. It starts ideas. 


It discusses products, from closures to computers, 
from plastic portholes to potentiometers. It shows you 


how Durez plastics are used. 


Though its scope is the whole world of products and 


e Fire-safe umbrella roo 
e Plastic for toughest electrical jobs 
e Where to get ideas 


OWENS-CORNING FIBERGLAS CORP 


plus-mph gusts from the twin propellers 
of an Air Force bomber. 

The payoff: a coup for the U. S. 
when a sudden Moscow storm caused 
aluminum arches to buckle badly in the 
sparsely attended Soviet exhibition next 
door. In the jam-packed U. S. show- 
case, Hetron stood fast. 


PLASTICS 
ae 


— oy 


Duress ie OD 


product design, you can read it through in 10 minutes. 
Thousands of people tell us it helps them keep up to date, 


in an age when keeping up to date can be a full-time job. 
We'd like to send Durez Plastics News to you. May we? 


Ff 


If you'd like to receive it regularly, just check the coupon. 


For more information on Durez materials and services mentioned above, check 


here: 


Data file on Hetron, including list of fabricators 


() Diallyl phthalate molding compounds (data sheets ) 


() Durez Plastics News (bimonthly bulletin) 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


DUREZ p.iastics DIVISION 


1312 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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This Complete RBM 
Control Family 


is specially engineered for the 
air conditioning industry 


When RBM specially engineered its first air conditioning control, it 
quickly recognized the industry need for not just one... but 
for a complete family. So RBM has done the job. Now there is a single source 
for all magnetic air conditioning controls .. . each one meticulously 
engineered g for its application. What’s your requirement? See RBM. 


All PRICED TO MEET TYPE C—30, 40, 50 AMP. 
2-3-4 pole 30 amp.—600 volts. 2-3-4 
le 40 .—230 volts. 2 pole 50 
THE NEEOS OF VOL UME USERS Passi, near Sux Gcpuaiineg tellda 
and coils for all ratings and pole forms. 


SERIES 128000 POTENTIAL GENERAL PURPOSE RELAY 98000 

STARTING RELAYS or starting single == TYPE 80 CONTROLLER Specific Series AC or DC. Permits engineering short 

pnaee capacitor stort compressors. design for nominal 3 HP or 3-ton cuts lowering your “tuished product” cost. 
single phase compressors. ; 


TYPE 75 Low cost power relay. SERIES 129000 SHUNT TYPE RELAY— 
Dependably hondies up to 6000 W. at SPNO, SPNC or NO-NC For standard | 
240 V., resistive load per pole. Com- commercial voltages. Other coils available for TYPE S—30—40 AMP. Low 
er ye rating . poles, 18 amp. running, special application. For heater, fan con- cost. Small size. Exceed rigid require- 
amp. locked rotor at 250 volts. trol, general circuit switching, etc. ments of industry's largest users. 


t Engineer or ain: Bullet iL A, C-8, 1010A, 1060-and C-10 


BM 3 = Se Controls Division 


SSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Factorié Locate: t Peru, North Manchester: , Logqanst t, Indiana oA 
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Laboratory 


and 
Engineering 
Equipment 


SHIELDING BEAD KIT 


Sample Kit SBC-1 of single and mul- 
tiple-hole shielding beads provides a 
range of parameters for use in h-f 
communications, radar and microwave 


ie 


circuits and other applications requir- 
ing decoupling and isolation elements. 
Included in engineering sample kit are: 
four sizes of shielding beads: epoxy- 
potted choke core using three shielding 
heads; representative cross-section of 
ferrite threaded cores and multi-hole 
choke cores for miscellaneous circuit 
work. Ferroxcube Corp. of America, 
Saugerties, N. Y. >567 


PULSE-PATTERN GENERATOR 


Solid-state generator provides a simu- 
lated and flexible time division pulse 
pattern. Pulse pattern of any length 
from 1 to 100 pulses may be generated. 
Pulse rate continuously variable from 
10 to 100.000 pulses per sec using 


internal oscillator. State of each pulse 


Valatalal fst ee 


in a sequence can be controlled inde- 
pendently from front panel: each pulse 
assumes mark or space condition de- 
pending on position of switch repre- 
senting pulse. Test set has switches 
which represent 100 possible pulse 
positions. Output level for mark (ONE) 
condition is continuously variable from 
zero to +10 volts. Output for space 
‘zERO) condition continuously variable 
trom zero to —10 volts. Eight psec 
cycle pulse output provided. Rise and 
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fall time, 1 psec. Data Products Co., 
Inc.. 7320 Westmore Road. Rockville. 
Maryland. >568 


ANALOG COMPUTER 


The standard, 10-amplifier Model 3500 
computer will solve up to a seventh- 
order differential equation or a ninth- 
degree Laplace transform. Computer 


uses 1 or 0.1 per cent computing com- 
ponents. Up to three computers can 
be slaved together for 10-, 20-. or 30- 
amplifier operation. Computer includes 
null voltmeter, five coefficient or initial- 
condition potentiometers, power sup- 
plies and control circuitry. Size, 544 x 
19 x 1014 in.; weight, 23 lb. Operation- 
al amplifiers available stabilized or 
unstabilized. Specifications of stabilized 
amplifiers are: total d-c gain, 15 x 10 
output, +100 volts at 4 ma; output 
impedance, less than 1 ohm; total sum- 
ming junction summing error, less than 
10 '° amp; noise level, less than 2 my 
rms; drift, less than 100 pv; band 
width, d-c to 40 ke. Donner Scientific 
».. Concord, Calif. > 569 


SOLID-STATE INVERTER 


\ 2 kw d-c/a-c inverter, Series PI. 
will supply a 2 kva output or two | 
kva outputs of 120 volts. 60 or 400 eps. 
single phase, from an 11-14 or 22-32 
volt d-e source. Frequency stability, 
+£0.01 per cent. The devices are used 
as inverters in microwave, telemetry 
and automatic, control installations. Et 
ficiency at full load, 85 per cent approx. 
Standard rack panel unit measures 24! 
x. 19 x 12 in. Electrodynamic Instru- 
ment Corp.. 2508 Tangley Road, Hous 


ton 5, Texas. >570 


(Continued on page 314) 


Consult 
Your Local 


Essex Product 


/ Application 


Engineers 


They can be your 
design assistants on other 


Essex Engineered Products. 


/ 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, iil. ® 


The basic relay and numer6us contact forms, 
ratings and terminals variations are regular 
production items...have been "customerized” to 
soive almost every conceivable problem, Such 
versatility permits engineering short-cuts that 
lower your “back door” cost, 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, Ind. 


eer asian 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. S3. 


ESSEX 


eh | 


CORPORATION 





CAN DELIVER 


Automatic 
Molded 


Ee > 


Plastics 
Units 


WITH SUCH 
ADVANTAGES 
AS: 


Low Mold Cost 
Short or Long Runs 
Low Piece Cost 


SEND YOUR PRINTS 
FOR QUOTATION 


AND MANUFACTURING COMPANY 


FLASTICS 


CUSTOM-ENGINEERED 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 
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DIGITAL INDICATOR 


Servo null-balance indicator Type 6R 
features multichannel readout for 
measurement of flow, pressure, speed 
or frequency with pulse-producing 
transducers. Accuracy, 20.25. per 


cent; linearity, +-0.25 per cent at any 
point over 10 to 1 range. With four- 
digit readout, resolution is 1 part in 
9000. Ten scale ranges, with various 
cross range speeds, are available. In- 
strument presents analog numerical 
readout and analog output voltage for 
use with oscillographs and recorders. 
Digital indicator can be supplied for 
one, two or three-channel operation 
with manual and/or automatic chan- 
nel switching. Unit reads transducer 
signals with minimum output of 10 
mv and frequency range of 5 to 40,000 
cps. Cox Instrument Div., Geo. L. 
Nankervis Co., 15300 Fullerton, De- 
troit 27, Mich. >571 


R-F VOLTMETER 


Thermocouple-type meter is offered in 
five models with ranges of 0-1 up to 
0-100 volts (at reduced frequency re- 
sponse) and is suitable for checking 
VTVM’s. Accuracy, 1 per cent from 


d-c to 100 mc. Voltmeter may be certi- 
fied by Bureau of Standards. Vacuum 
thermocouple and multiplying resistor 
are in separate shielded case. Construc- 
tion is coaxial cavity type. Rawson 
Electrical Instrument Co., 106 Potter 

, Cambridge, Mass. >572 


SOLID-STATE POWER SUPPLIES 


T-200B Series of d-c power supplies 
features dynamic load _ regulation 
which is negligible after 10 microsec. 
Output voltage total envelope of un- 
certainty, +0.08 per cent, including 
combined effects of: static load regu- 
lation (0.02 per cent), static line reg- 





New 
sub-miniature 
Capacitor meets 


MIL-C-92 Cac aD 


peau 


B ACTUAL SIZE® 


High torque-to-mass ratio— 
excellent mechanical stability ! 


Designed for high torque-to-mass ratio 
and excellent mechanical stability, the 
tiny ““T’’ capacitor shown above has a“*Q’ 
greater than 3000 at 1 mc. and a very 
low temperature coefficient. Rotor and 
stator plates permanently soldered ... 
rotor contact spring is beryllium copper 
... plates are .0003” silver-plated brass 

. ceramic is Grade L-4 or better stea- 
tite, DC-200 treated. Terminals provided 
for printed circuit board applications. 
Requires only two small machine screws 
for chassis or panel mounting. Available 
for use On government contracts in pro- 
duction quantities with approval of the 
U.S. Army Signal Corps only. 


For specifications lo} 

and further infor- reer"? | Wy | 
mation onthe“T’ 4 ,_ jth 
capacitor describ- | % 1 r 
ed above, write for iomed. i 
Data Sheet 758. uenel | 


tic 


ACTUAL SIZE 


OTHER CAPACITORS—In addition to the 
sub-mimiature “‘T’’ capacitor described 
above, E. F. Johnson also manufacturers 
a complete line of other air variable ca- 
pacitors. Types include: ceramic soldered 
Type “L’s’’, Type *‘M”’ miniatures, Type 
“K” to JAN-C-92, and many other types. 
For complete specifications on all John- 
son electronic components, write for your 
copy of our newest components catalog, 
described below. 


Write today for our newest com- 

ponents catalog, listing complete 

specifications and prices! 

e Capacitors « Knobs and Dials 
* Sockets « Inductors « Pilot 

Lights *« Connectors « Insulators 


E.F. JOHNSON CO. 


2320 Second Ave.S.W. © Waseca, Minn, 
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Tubexperience in action 


.030 in. OD stainless tubing with a 
tolerance of +.001 in. is cut to .618 
in., +.003 in. to fit customer's 
requirements. The hardness of the 
tubing, a critical specification for flat 
response at all frequencies, is main- 
tained by close control of the draw- 
ing operation. 


A Cool Idea for Hi-Fi Sound Reproduction 


Needle assembly with Superior Tubing assures faithful sound 
reproduction, reduces wear on record and needle point 


Superior small-diameter stainless steel tubing, cold 
drawn to a restricted tensile strength range of 150,000- 
175,000 psi and with one-half commercial tolerance on 
the OD, replaces heavier wire formerly used to hold 
the jewel points in phonograph needle assemblies. 


Designers of the new needle assembly, in cooperation 
with Superior, selected stainless steel tubing for several 
reasons. This tubing is lighter in weight than the wire 
used before. It offers the required corrosion resistance 
without plating. It provides the mechanical properties 


after cold working to faithfully transmit the mechanical 
impulse from the tracking to the ceramic cartridge, 
where it is converted into an electrical impulse. It is 
amenable to forming without cracking. 


The needle assembly is just one example of this product's 
adaptability to electrical and mechanical applications. 
Myriad products in the electrical industry are giving 
better service—thanks to the ability of Superior tubing 
to reduce weight, resist corrosion, improve performance. 
It will pay to investigate Superior Tubing as a com- 
ponent of your equipment. Write for Bulletin 41. 
Superior Tube Company, 2021 Germantown Ave., 
Norristown, Pa. 


7 Syoerir fale 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in, to ¥ in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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CONDULET* 


Explosion-Proof and Dust-Ignition-Proof 
Electrical Equipment 


With a wide choice of UL-approved items for every Class 
and Group unde: the National Electrical Code, Crouse-Hinds 
Condulets offer the world’s broadest line of electrical equip- 
ment for hazardous locations. Crouse-Hinds adds an extra 
margin for safety in design, construction, and the minimizing 
of human error in installation, operation and maintenance . . . 
all with an economy of bulk that enables you to make the best 
utilization of precious plant space. 


CALL ON CROUSE-HINDS FIELD ENGINEERS for assistance with 
any problem involving electrical equipment for hazardous areas. 


Breothers and Drains * Communication Equipment * Control and indisating Stations * Fittings 
Fixture Hangers * Flexible Couplings * Instrument Enclosures © Junctions ® Lighting Fixtures 
Motor Starters and*Circvit Breakers ® Ponelboards ® Pilot Lights * Plugs and Receptacles 

Process Control Boord Components * Seals * Signals, Alarms * Switches ® Unions 


® Registered 


CROUSE@HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE. NEW YORK 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont 
Crouse-Hinds Instrument Company, Inc., Silver Spring. Maryland 
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ulation (0.01 per cent), dynamic load 
regulation, dynamic line regulation 
(+0.03 per cent), thermal regulation 
(0.01 per cent/deg C), ripple (700 
microvolts rms) and long-term stabil- 
ity (+0.03 per cent/24 hr). Eight 
models available, with output voltage 
ratings from 0-10 volts to 0-150 volts, 
and current ratings from 0-0.75 amp to 
0-30 amp. Armour Electronics, 4201 
Redwood Avenue, Los Angeles 66, 
Calif. >573 


0-2000 VOLT POWER SUPPLY 
Model 2000VPS-100 continuously var- 


iable power supply features double 
and triple filament regulation to pro- 


vee long-term stability of 0.0004 per 
day and is based on Bucknam circuit. 
Ripple, less than 5 mv rms; input, 
105-125 volts, 60 cps; output current, 
5 ma; output impedance, less than 0.1 
ohm; polarity, negative. Gyra Electron- 
ics Corp., 518 No. Spring Ave., La 
Grange Park, IIl. >574 


RECORDING D-C 
MICROAMMETER 


Microammeter using a magnetic ampli- 
fier has a basic range of 0-50 pamp 
d-c with an input resistance of 200 
ohms approx. D-C voltage ranges of 
0-10, 50 and 200 mv are also included. 
Accuracy, within 2 per cent of full 
scale. Meter can be used in any cir- 
cuit providing up to 50 pamp. It may 
be operated with left hand zero or set 
for center zero operation. Instrument 
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GET 
es | 
CATALOG.. 


ee 


. . » for complete information and specifications on Buchanan 
sectional pres-SURE-blocks, One-Piece terminal blocks, pres- 
SURE-terminals, pres-SURE-connectors, cable and conduit fit- 
tings. Mail coupon today. 


Buchanan Electrical Products Corporation 
Department M-12 Hillside, N. J. 
SEND ME A FREE COPY OF YOUR NEW CATALOG 


Contracting and Maintenance Edition 
[] Manufacturing and Production Edition 
Name 
Title 
Company 
Street Address 
City 
Type of Business 


~ 
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Bonded 
Rubber 
Means 
Longer 
Life 


Mudline valve maintenance was a serious prob- 
lem until MUDWONDER* valves began setting 
new standards of trouble free operation in oil fields 
all over the world. WILBOW engineers played an 
important part in achieving this remarkable per- 
formance . . . by helping to develop the molded 
buna-N-and-steel valve seat insert shown above. 

WILBOW excels at producing special bonded 
rubber-to-metal parts from a full line of compounds 
including the /atest synthetic, natural and silicone 
polymers. Let us help meet your needs, or perhaps 
you'll find our WILBOW catalog helpful. Send for 


your copy today. 
*Registered trademark, Edward Valves, 
Inc., East Chicago, Indiana, Subsidiary Giz 
of Rockwell Manufacturing Company. 
The WILLIAMS-BOWMAN RUBBER Co. 
1953 South 54th Avenue * Cicero 50, Illinois * (Chicago Suburb) 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 


This unique valve seat insert, 
molded by WILBOW integrally with steel 
wear rings, helps MUDWONDER* mud 


valves set new service records, 


DECEMBER 1959 Circle 331 on page 17 





Nha 
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Step-Down, Class I! Transformers? . . . 
Send for Literature. 


SOLENOIDS «+ COILS * . ELECTRICAL COMPONENTS 
anderson controls, inc. 


General Offices 
9959 Pacific Avenue e Franklin Pe 


F 


Phone: Gladstone 1-1210 
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ri | is offered in portable models and mod- 
A topper in any language | els designed for permanent mounting. 
Motor- or spring-driven chart drives 
are offered. Chart speeds are 34 in. per 
hr through 12-in. per min. Esterline- 
Angus Co., Box 596, Indianapolis 6, 
| Ind. >575 


ELECTRONIC 
MILLIVOLTMETER 
Operating on power frequency of 


| either 60 or 400 cps, Model 301 
| chopper-stabilized meter has ten stand- 








ard voltage ranges, from 0.01 to 300 
volts. d-c, full scale deflection. Scale 
arc length is 51% in. For panel mount- 
ing applications but also available in 
portable version and with a_meter- 
relay instead of conventional meter. 
Metronix, Incorporated, Chesterland, 
Ohio. >576 





OSCILLOSCOPE 


It’s better than the best XXXP grade, a1 sunstecnerine and yrovesing 

| circuitry ( pre-amplification, switching, 

it’s lighter and more economical than G-10, iat ie ie included in 
| single plug-in system in Model K-160 


it’s Taylor XY-1 Paper-Base Epoxy Laminate — cccitioscope,. Several. plug-in. systems 


When you want extremely high reliability in printed circuits, with the addi- 

tional advantages of flame retardance, chemical resistance, good solder- 

ability and high bond strength—-specify Taylor XY-1 copper-clad laminate. | 
It is self-extinguishing in 1 second, has excellent resistance to alkalis, acids 
and solvents, has a solder time resistance at 500°F. of 30 seconds in 1-oz. 
copper and 50 seconds in 2-oz., and a bond strength of 10 lb. in 1-oz. 
copper and 13 Ib. in 2-0z. Sheets available with copper on one or both sides. | 


Unclad Taylor XY-1 has many advantages, 
too. It can be substituted for glass-base epoxy 
laminates to reduce cost and weight. It has 
excellent electrical, mechanical and machining | 
properties. Contact us for complete technical 

| 

| 





data and expert guidance in applying this new | are available for oscilloscope so that 


; | sensitivity, bandwidth and other char- 
material. TAYLOR FIBRE Co., Norristown 37, Pa. acteristics may be selected to meet 


requirements. Main frame _ indicator 
consists of 5-in., single-gun cathode- 
| ray tube, associated beam controls, 


| identical X and Y main amplifiers and 

1 | power supply. Independent “slave in- 

dicator” operation possible without 

a Or plug-ins. Electronic Tube Corp., 1200 
| East Mermaid Lane, Philadelphia 18, 








Pa. ->577 
LAMINATED PLASTICS VULCANIZED FIBRE (Continued on page 320) 
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ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under Sigh current and high 
inductive circuit conditions. Effec‘ive arc quench- 
ing properties. Can be supplied in the form of con- 
tact rivets, welding type contacts, etc. Whether you 
are seeking advi-e or new applications, redesign, or P . 
wish your own Jesigns executed, send us your re- / LAMINATED 


t h é 
— ‘Ss, and they will receive our most careful fi & INLAID METALS » 


CONTACTS in Silver, Gold, Platinum, A ponconneaenytag 
Palladium and their alloys a Se 


for your spectfic design problems . saat tie le 


"Reg \ eae, 


C.S.BRAININ CO. 


318 Washington St., Mount Vernon, N. Y. 
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Have you discovered 
the new 


PRODUCT INDEX? 


It starts on page 322—just preceding the 
Index to Advertisers. 


This new Product Index answers a continu- 
ing need, expressed by many readers of ELECc- 
TRICAL MANUFACTURING, for a quick method 
of extracting information relating to any 
material, component or equipment discussed 
in either the editorial or advertising pages. 


The listing arrangement emphasizes brev- 
ity. It follows the same library-based subject 
classification system which was originally de- 
veloped for the ELECTRICAL MANUFACTURING 
Annotated Editorial Index. 


Get acquainted with this new reference tool. 
It can save time in your data researching. 


y, 





New General Electric 


PNEUMATIC 
r=) \4 
a1. ae 


Higher Reliability for 
Automatic Functions 


You get the long, reliable operation required on 
repetitive processes—- from machine tool sequenc- 
ing to full automation—-when you use the new 
G-E pneumatic timer. These new design improve- 
ments add accuracy and life to the new time-delay 
relay: 


BALANCED DESIGN of operating forces and sole- 
noid actuator assures reduced impact and longer 
life. This means greater reliability and timing 
accuracy. New contact linkage also reduces wear, 
increases mechanical life. 


NEW COIL operates at lower temperature; dissi- 
pates heat better to minimize coil burn out from 
unusual conditions; resists moisture, oil and dust. 


MAXIMUM FLEXIBILITY is offered by a variety of 
forms to fit any job. You can get devices with up 
to two time-delay and two auxiliary contacts to 
provide a total of eight circuits. Write for new 
Relay Bulletin GEA-7021, General Electric Co., 
Schenectady, N. Y. "31-19 


GENERAL @@ ELECTRIC 
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All the math you need 
to design and analyze 


SERVO SYSTEMS! 


Here is your chance to catch up with 
the basic mathematical principles that 
underlie the design of servomechan- 
isms and closed-loop systems. 


Learn how to work with complex 
variables, Laplace transforms, the 
transfer function, Nyquist plots and 
Bode diagrams, also the root-locus... 
all lucidly described in Ira Ritow’s 6- 
article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—featured in ELEC- 
TRICAL MANUFACTURING, April through 
September—has been acclaimed an outstanding 
contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots; communications systems, process con- 
trol and modern appliances. 


To meet the continuing demand for reprints, 
the entire series has been combined in a 64-page 


Single case-bound reference manual. All articles are 


copy 


$3 presented in complete form. The book includes 
a pertinent bibliography and an interpretive 
3 or more introduction by Staff Editor John Riggs. 
Order your personal copy now. Better yet, 
take advantage of the cost-saving quantity dis- 
count and combine orders for your associates. 


ORDER FORM 


ELECTRICAL MANUFACTURING 


205 East 42 St., New York 17, N.Y. 


Please send me copies of the 64-page bound reprint of the 


Ira Ritow series on AUTOMATIC CONTROL SYSTEM DESIGN. 


I enclose remittance ((] Check: (1 Cash) in amount of $ - 


NAME TITLE 
COMPANY 


ADDRESS 


AMPLIFIER FOR 
HIGH-IMPEDANCE INPUTS 


Amplifier Model 6000 is for applica- 
tions involving signal amplification 
from sources having high internal im- 
pedances. Instrument provides repro- 


duction of accelerometer signals over 
band from 1 cps to 1 me at input 
levels to 20 volts and features variable 
gain from 0.3 to 100. Input impedance 
is 1600 megohms and output impedance 
is 150 ohms. With accelerometer con- 
nected to input and gain set at 100, 
input noise level is less than 40 pv. 
Front panel controls allow calibration 
of accelerometer signal. Columbia Re- 
search Laboratories. MacDade_ Blvd. 
and Bullens Lane. Woodlyn, Pa. 578 


400-F OVEN 


Continuous-duty, gravity-convection, 
warming box for drying, baking and 
heating is obtainable in wattages of 
800 and 1500. Thermostatic control of 


temperatures to 400 F provided. Box 
size is 18 x 18 x 24% in. high. For 
operation on 120 volts a-c, single phase. 
Trent, Inc., 201 Leverington Ave., Phila- 


delphia 27, Pa. >579 


Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on— 
New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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i EW "42,000 series” 


DISC 


——e 


ey nib 
electric motor 
free ai ata) 


Cover removed to 
show Stearnetic* 
construction. 


* Stearnetic — Stearns exclusive unitized, electro-magnetic oper- 
ating mechanism. 

® Up to 33% shorter 

® Up to 50% lighter 

® Max. torque 125 to 575 lb ft 


@ AC or DC —all single phase 
— only 2 lead wires 


@ Standard motor or floor 
mounting — two styles 
of enclosure 


@ Exclusive Stearns 1-point 
adjustment for wear 


® Variable torque to match 
application 


®@ For standard or straight- 
thru shafts 


Send for Special Information Sheet No, 2 E 


“=e ELECTRIC CORPORATION 
120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
> _— Phone: BRoadway 2-1100 
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FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 


EASY TO APPLY «+ NO TOOLS ee 
ingand Solid Wire 


Oe 


ssidenndbdalnsennnenn VV KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 
Circle 337 on page 17 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 


DECEMBER 1959 Circle 338 on page 17 





NEL EL MRR Sara TTT PUTTLT 


ROSITE: in their rugged 


Te eT eT BS 


ROSITE’S unique are-quenching feature helps insure max- 
imum interruption capacity with long contact life. Snuffing 
is assisted by a release of gas from the ROSITE chutes 
whenever struck by an arc. This characteristic is provided 
by one of a family of ROSITE compositions especially 
designed for such uses. The gassing characteristic is 
permanently built into the material for use through 
millions of operations. 

This kind of superlative electrical performance can bring 
your product closer to the perfection you're aiming at. 
ROSITE fits best where severe service conditions such as 
heat and arcing must be met, and also, where dimensional 
stability and excellent insulating characteristics are 
required. 

Our engineers will be glad to discuss ROSITE’S possi- 
bilities with you. Contact Rostone Conpanatiom, 2405 So. 
Concord Road, Lafayette, Indiana. SHerwood 2-847]. 


SEND FOR THE ROSTONE STORY 


Complete brochure on cold and hot-molded 
ROSITE: applications, characteristics and 
facilities for production. Write today. 


In Canada: Electro Porcelain, Ltd., Waterloo, Ontario, 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter "e'' with page number indicates editorial mention. 


“ewer eer em ee eo eo ew ewww ww eww ewww 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Actuators—175e 
Batteries—252e 
Brakes—83, 99, 202, 293, 321 


Capacitors—33, 230e, 232e, 246, 264e 
305, 314 

Choppers—80, 268e 

Clutches—202, 230e, 293 

Contact devices 
Brushes and brush holders—58, 197 
Commutators—258 
Contacts and contact points—75, 

228e, 278e, 319 

Slip rings—258 


Control systems—59, 69, 157e, 176¢, 
226e, 231, 236e 


Counters—266e, 310e 
Delay lines—306 


Electron tubes 
Power—Inside front cover 
Special—230e 


Fans and blowers—l66e, 238e, 251, 
294e 


Filters—236e, 272 
Heating elements—236e, 278e, 283 
Lights, indicator—214, 238e, 282e, 300e 
Magnetic components 
Bobbins and core boxes—190, 198 
Coils and windings—277 


Cores—42, 228e, 257, 281 
Permanent magnets—230e, 324 


Meters, panel—249e, 276 

Microwave devices—234e, 238e 

Modular assemblies—266e, 302e 

Potentiometers—230e, 254e, 258e, 272e, 286¢, 
300e 


Printed circuits—244e, 286 


Protective devices 
Circuit breakers—100, 260, 280 
Thermal—Back cover, 100, 240 


Reactors—255 


Relays 
General purpose—89, 250, 259, 268, 288e, 
312, 313 
Industrial—246e, 268, 312 
Mercury—238 
Special—249e, 258e, 268e, 276, 276e, 312 
Telephone—220, 278e 
Time delay—35, 207, 234e, 306, 319 


Resistors—14, 45, 209, 226e, 228e, 232e, 243, 
246e, 270e, 286e, 298, 309 


Seals and terminals, hermetic—216 


Semiconductor devices 
Controlled rectifiers—33, 232e, 244e 
Photocells—293 


322 


Rectifiers and diodes—33, 181, 193, 223, 
240e, 242e, 244e, 246e, 258e, 293 
Thermistors—46, 125e 
Transistors—Inside front cover, 16, 27, 
41, 86, 178e, 226e, 240e, 242e, 263 
Varistors—270e. 


Servo components—226e, 240e, 250e, 261, 
262e, 274e, 284, 292e, 296, 304e, 310e 


Shielding devices—313e 
Solenoids—179, 303, 317 
Static switching elements—255 


Switches 
Acceleration—252e 
Controllers and contactors—26, 30, 55, 

262e, 268, 290 290e, 307 

Limit—15, 187 
Mercury—270, 292 
Pushbutton—23, 43, 260e 
Snap action—50, 280e 
Stepping—211, 250e, 284e 
Thermal—284e 
Toggle—23, 43, 207, 276e 


Telephone handsets—280 
Timers—60, 208, 236e, 268, 280e, 326 
Transducers 


Linear displacement—256e 
Special—250e, 278e 


Transformers 
Electronic—57, 63, 198, 238e, 304 
Industrial—228 


Valves, solenoid—201, 234e, 310e 
Voltage references—266e 


Wire and cable—313 
Hookup—313 
Magnet—25, 61, 73, 79, 202, 213, 256e 
Resistance—282e 

Wiring devices 
Cable clamps and clips—254e 
Connectors—Inside back cover 234e, 242e, 

270, 270e, 288e, 308 

Cord sets—273, 313 
Plugs and jacks—244e, 268e, 286e 
Terminals—196, 262, 264e, 302e, 321 
Terminal blocks—258, 294e, 304e, 317 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—1, 68, 232e, 271, 297 


Bushings—252e, 269 
Conduits—36, 240, 245, 316 


. Counters—272e, 283 


Dials—274e, 282e 


Fasteners 
Bolts and nuts—51, 219, 234e, 249, 279, 
292e 
Quick-operating—39 
Rivets—240e 
Screws—236e, 267, 279 
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Gears—13, 273 

Housings and enclosures—38, 192 
Knobs, handles—303 

Locks—277 

Mounting hardware—212, 254e, 298e 
Plastics parts—207, 260e, 269 
Pulleys—276e, 304e 

Rings, retainer—301 

Springs—204, 234e 

Timers—232 

Universal joints—296e 

Valves, servo—306 


COMPUTERS AND 
COMPUTING COMPONENTS 


133e, 137e, 226e, 237e, 249e, 266e, 274e, 
306 313e 314e 


DRAFTING MATERIALS 
AND EQUIPMENT 


Tracing cloth—273, 295 


DRIVES 


Electrical—67 


Mechanical 
Variable speed—238e, 240e 


INSTRUMENTS AND 
TEST EQUIPMENT 


Amplifiers—80, 232e, 306e, 320e 
Calculators—194 
Generators, electronic—313e 


Meters—228e, 234e, 289, 314e, 316e, 318e, 
325 


Oscilloscopes—318e 


Power supplies—177, 224, 230e 232e, 234e, 
282, 293, 313e, 314e, 316e 


Recorders—64, 97, 206e, 234e, 316e 
Shock and vibration—308e, 117e 


Special test equipment—54, 106e, 172e, 174e, 
228e, 236e, 238e, 240e, 266, 308e 


Tac hometers—269, 284 
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MATERIALS, 
ELECTRICAL/ELECTRONIC 


= materials—52, 226e, 2282, 234 


Contact materials—5, 21, 72, 76, 227 


Insulation and dielectrics 
Casting resins—8, 195, 236e 
Ceramics and glass—204, 277, 283, 291 
Fabrics—85, 205, 234e 
Laminates—65, 217, 246e, 274, 302e, 321, 
318 


Mica—240e, 287 
— compounds—81, 230e, 238e, 311, 
2 


Paper—2, 230 

Tape—2, 37, 93, 205, 233, 239, 264e 
Tubing—22, 205, 294, 300 
Varnishes—225 


Magnetic materials 
Electrical steel—40, 91, 189 


Quartz—4 
Solder and flux—292 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—236e 
Brazing alloys—299 


Metal 
Alloys, general—91 
Aluminum—84, 92 
Beryllium—181e 
Copper, brass, bronze—275 
Steel—241, 253 
Tantalum—34 


Metal forms 
Tape— 
Tubing—44, 285, 315 


Non-metallic materials 
Elastomers—221, 240e, 317 
Felt—265, 296e 
Plastics compounds and resins—232e 


Protective coatings 
Chemical—l6, 96 


MOTORS AND GENERATORS 
Fractional-hp motors—47, 71, 77, 83, 88, 

114e, 183, 191, 229, 232, 302 
Gearmotors—83, 191 


Generators—176e, 180e, 215 
Integral-hp motors—29, 48, 71, 77, 83, 95, 
114e, 191, 229, 232, 236e, 248, 302 


Special—31, 80, 83, 191, 236e, 256e, 284, 
296e, 298e, 310 


PRODUCTION EQUIPMENT, 
TOOLS 


Layout fluid—277 


Processing equipment—254, 274, 320e 
Soldering irons, equipment—256 


SERVICES 


Coil winding—254, 303 
Metal fabrication—203, 222, 223, 288, 304 


Other fabrication—5, 199, 204, 242, 246, 
264, 291, 317, 323 


Plastics fabrication—236e, 314 
Testing laboratories—236e 
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CAN YOU IDENTIFY 
THESE SILICONE 
RUBBER SHAPES 


PRODUCED BY 


STALWART ? 


COULD BE 


Chemical resistant tool for Silicone gasketing for high 
scraping bottom of the barrel, temperature industrial oven. 


+ 
frseis c cbvencnctaatentnn : 
e 
e 


Tip for pogo stick used by a 


A chemical and temperature 
faint-hearted fokir. 


resistant bellows used in jet 
aircraft. 


St S=> 
Special Silicone winding fer 
on electric motor. 


G 


Last word in wrapping for a 
red-hot mummy. 


NN 


Disguise for a half-masked re- 


Silicone gasket produced for 
frigerator-raider. 


the automotive industry. 


All-weather decoy for duck Heat-resistant Silicone extru- 
hunters. sion used for oven gasket. 


8301-8SR 
Guessing games can be fun... but not with rubber 
parts! Silicone rubber parts by Stalwart assure 
you high strength, maximum stability and superior NEW! Send today 
dielectric qualities at temperatures ranging from for your copy of 
— 160° to +600° F. And Stalwart is the only pro- the Stalwart catalog. 
ducer of extruded and calendered Silicone sponge 
parts. Stalwart also accurately produces parts 
from a complete range of natural and synthetic 
rubber compounds to meet individual operat- 
ing requirements. Write for complete information. 


'97 Northfield Rood 
Bedford, Ohio 


Manufacturing facilities in 


RUBBER COMPANY Jasper, Georgia and Bedford, Ohio 
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You can 4 


do more things * 
...and- do them 
better with 


ai vv ifs 
MAGNETS 


The permanent magnets 
that 
are really permanent 


Ceramics 
offer great- 
est resistance to de 
magnetization of any com- 


mercial magnet material 
oie All energy is fully 
usable—no_ keepers, pole 


pieces or auxiliary air gaps 
needed Can be mag 
netized before or after as 
sembly Electrically 
non-conductive Less 
heating .. . Inert to chemi 
cals and gases... Up to 8 
or more poles on a single 
flat face... AND MANY 
OTHER ADVANTAGES. 


Write for Ceramagnet 


Engineering Bulletin RC-11A * 
STACKPOLE ’ 
CARBON COMPANY .. 
St. Marys, Pa. 4 
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MORE 





OF EVERYTHING 





YOU WANT IN A 


V-O-M 


New Mirrored Scale Plate 

Wider Frequency Response AC Ranges 
New DC Polarity Reversing Switch 

59 Extended AC and DC Ranges 


---and at 


NO INCREASE 


IN PRICE 


THE NEW 


PRECISION 


MODEL 120 


20,000 ohms/volt DC * 5,000 ohms/volt AC 


plus: 
all the famous features of 
the original PRECISION 120. 


An Extra-Low Resistance Range: 
2 ohms at center scale. 


An Extra-Low Voltage Range: 
1.2 volts full scale, AC and DC. 


An Extra-High Voitage Range: 
6,000 volts full scale, AC and DC. 


An Extra-Large 5%” Meter 
with wide-angle, easy-reading scales. 


Model 120: Complete with batteries, test leads 


and tech manual. 
5%” x7” x 3Ye” 


Overall case dimensions: 
Net Price $44.95 


Model 120M: For special applications which 


require a V-O-M approaching laboratory 
accuracy. ; .Net Price $52.95 


P Available and on display at leading electronic parts 
distributors. Write for complete PRECISION catalog. 






In, oe 
* mere of 


> PRECISION 


Apparatus Company, inc. 
70-31 84 St., Glendale 27, L. 1., MW. Y. 


Export: 458 Broadway, New York 13 
Canada: Atlas Radio Corp., Toronto 19) 
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Whether an interval is a month or a microsecond, you can measure 


it, divide it, record it, or use it for control with an A. W. Haydon 


Company custom-designed or standard timer. Every type, every 


size, every class ...timing motors, time delay relays, interval timets, ; 


repeat cycle timers...you name it, we make it. If you ever have a 


specific timing problem, the least you can do for yourself is get our 
literature. In fact, why not send for our Bulletin on the 14100 Series 
DC Motor (above) right now. oy >This two-ounce sub-miniature 


DC Timing Motor is less than I’ 


in diameter, 135%” long. Used to 


drive a miniature tape recorder in the Vanguard I] weather satel- 


lite (expected to remain in orbit 
for 200 years), it represents the 
high capability of The A.W. Hay- 
don Company in timing devices. 


AYDON 


COMPANY 


223 North Elm St., Waterbury, Connecticut 
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CREATIVE ANALYSIS PAYS OFF! 


Rudd-Melikian, Inc., one of the recognized leaders in the vending machine 
manufacturing industry, needed substantial increases in production efficiency 
to keep pace with the market requirements on their new “‘Brew-a-cup” coffee 
maker. A study, conducted jointly by R-M and AMP engineers, indicated 
\MP-lok multiple wire connectors as the solution. 


ADVANTAGES: AMP-lok snap-assembly connectors . . . 


e replace bulky solder-type connectors 
e permit use of modular construction techniques 
e facilitate final assembly and in-service maintenance 


M il : . ‘ ‘ 
THE PAY-OFF : Twice the previous production volume of electrical control harnesses 
with no increase in production facilities. 


You can start your creative analysis to better wiring with a request for A.M! information, today. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
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FOR PORTABLE AIR HEATERS 


——— 
epee ee ee am 
+4 
pi 
oe eaee es 


er 
, re eal 
cad | 1 ett 
eset Sa 
oe a 
+ aaa 
Thiet 


| 
| 
| 


Top to bottom; Stemco Type S, Tipover Switch, 
Type SA. Other designs available. 


It’S STEMCO THERMOSTATS 


No wonder leading manufacturers of portable air heaters 
specify Stemco thermostats. For Stemco thermostats give 
long-life reliability that eliminates service headaches... 
are quickly, easily installed . . . are competitively priced. 
Our application engineering service is eager to help you 
solve your thermostatic control problem, whether it in- 
volves design, production or cost. Try us now. AA-9041 


Een manufacturing company, inc. 


P. O. Box 1007 * Mansfield, Ohi 


Other appliances, too, such as automatic coffee 
makers, skillets, saucepans, griddies, inhalers, fans, 
steam and fiat irons, roasters, fry ketties, refriger- 


ators, butter warmers, waffle irons, electronic and T H | bY NM oO S TAT S 


: avionic applications. Circle 103 on page 17 
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